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V.l DICII'l'I 
the CCIII,POnent wi,ha of the wc~aft confiv-aUon. The.e CD be ,I'ouped 
into the p~opul.ion ~elate4 componena an4 the a~f~ ... aa.ponent.. The 
ai~fl'ame ,~oup .lso include •• uDl'outine. that 4 .. 1 with 4~.i,n l~ conditione, 
ai~cl'aft balanc~, and tail .izLng. ri~e V.l.l liea the wei,ht ~elatad 
.ubroutine •• 
Th.re are .eve~al optiona available fo~ 4ete~tng ~opul.ion ~elated 
weight. and the opUon. 4epend on whether it i. a tUl'bine 01' intel'nal combulltion 
type of engine. All tUl'b1ne engine.- ",ei,ha .e 4etem1ne4 in .ubroutine 
BNGWGT. Internal combustion type engine weight. lillY be 4etezmincd fl'OID 
trend equations in ENGWGT 01' fl'OID a mol'e detailed fOl'mUlation a. found in 
HOPWSZ and RCWSZ subroutinea. Propeller weight may be detezmine4 by ENGWGT 
or the weight methodology of Hamil ton-Standard which i. contained in subrou-
tine WAIT. If a known propulsion system is being .tudied, the component 
weights of the propul.ion ayatem may be input directly. 
The weight of each aircraft structural component i. e.ttm&te4 by a 
regression analysis equation derived fram similar ai~craft, and a large 
number of parameters is used to describe the aircraft. The.e include linear 
• dimensions, dimensionlesa parameters such aa aspect ratio and fineness ratio, 
and cargo data such as number of passengera. Their uae ia baaed on the 
assumption that aircraft component weights tend to be in proportion to ce~tain 
of its dimensions. The tail sizing subroutine i. an option which develops 
horizontal and vertical tail dimensions which sati.fy apecified stability and 
control criteria. 
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eROeuLS ION: 
ENGWGT (160) CONTROLS AND COMPUTES ENGINE WEIGHT 
COMPUTATIONS 
HOPWSZ HORIZONTAL OPPOSED PISTON ENGINE WEIGHT 
AND SIZE 
RCWSZ ROTARY COMBUSTION ENGINE WEIGHT AND SIZE 
WAIT PROPELLER WEIGHT 
AIRFRAME: 
WGHT (510) STRUCTURAL WEIGHT AND WING POSITIONING 
DLOAD DESIGN LOAD FACTORS 
TAIL ' TAIL SIZING FOR LONGITUDINAL AND DIREC-
TIONAL STABILITY 
FIGURE V.l.1 WEIGHT SUBROUTINES 
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V.l.l Pl'opul.ion &y.tta Weitht:ll 
'1.1.1.1 SURoutiM INGWCJ1' 
Tbi. 160 0K4 .ubroutine i. CODCeme4 with the _icJht of tile propu1eion 
.,.t., and acme 30 input par ... t .... e ued to calcnalate any of Bout 20 
output quantiUe.. The .tep. followed depenct .ts'ongly upon the to",. of engine 
and pl'opell. lHtin9 uad, and fl'8qUMtly the wei,hte .. e upl'e •• ed .. statis" 
tical functioM of oth. par .. etel'. of the ul'cl'aft. 
The call integ.l'. of the .ubl'outin ••• N'l'YEX and HTDX which COl'l'upond 
to engine and propella' type ... follow., 
1, 2, 3, 11, 12, 13. l'ecipl'ocaUng eDfin •• 
4, 14, I'otating cCllld)uation eA9in •• 
5, 6. tUl'bosbAft and tUl'bopl'op Mgine. 
7. tUl'bojet 01' tUl'bofan engine 
, 1, lle fixed-pitch pl'opel18l' 
121 constant speed pl'op.11er 
('1.1.1) 
\ :: 13, constant speed, full-f.ath_in9 pl'Opflll.1' 
N'1'YPX • 14, constant 8peed, full-f.ath8l'ing, d.lc. \ 4, 
pl'opel18l' 
5, 15: constant speed, full f.ath8l'ing, l'evel'8e 
delce pl'opeller 
6, 10: Q-fan pl'opulaol' (V.1.2) 
The .ubroutine'. gen8l'ality is possible only begause of the luge numbel' of 
lnn8&' paths depending on these two integel's, and lt 18 not feaaible to descriLe 
in detail the flow of logic fol' every pail' NTYEX and UTYPX. 
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The intecJu:. II'I'YIX • 11 to 14 pnv14. the opUOD to UA aucoutine. 
HOnIZ an4 JarSZ to develop PK_~10 value. of _19ht an4 ..... of hor:lzontal1y 
oppoaed pl.ton eng1nu or: mtar:y COII1:N8tion type of engJ.nu. 8J.a1.1ar:ly, valu •• 
of NTYPX ,r:uar: than 10 utili... .ubr:outina WAlT thr:ouCJh a call to ENGINE to 
r:.tur:n valu •• of pr:opell.r: w.iCJhta. Oth.r:wl •• , the flow of log1c i. par:aUel 
for: ar:biuuy valu .. of the call integer: •• 
Fol1owiDCJ the 1D1tial .u:o .pacification of COIIpon.nt w.l,hta, the 
.ubr:outin. defin •• a valu. for: ... 1.v.l .utic eDCJW .pec~flc we19ht. If 
tb1a baa not been input, it i. acmpute4 by 
1.5(1 + .15 KSPCHG) , H'1'IBX • 1, 2, 3 
1 + 
.2 KSPCHG H'1'IBX • 4 
SWsrs • 
.5 N'l'YD • 5, 6 
.13 NTYBX • 7 (V.l.3) 
Th1. par:ametu: baa unite of 1b per HP except for: the tVAO,.t or: tur:bofan 
engines, NTYBX • 7, in wbich case the units ar:e 1b per: 1b of thr:uat. The 
same puameter: is r:eturned by subr:outines Honsz (NTYBX • 11, 12, 13) and 
RCWSZ (NTYEX • 14), or: is equal to .5 (N'l'YEX • 15, 16). 
or: 
wh.e 
In ter:ma of thi~ parameter:, the engine weight is 
HP MSIS • maxiJllum .e. l."el .atic bor: •• power: 
FNSLS • .e. level static thrust 
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,-------------------"--------------.----------.--------~~-~-
(V.l.4) 
(V.l.S) 
(V. 1. 6) 
wbeZ'e 
I 
UWNAC • nacelle we1qht PU' Uft1t .w:face .. ea, 
lb pel' .q ft 
In W. equ.atJ.on UWNAC 1. an input parameter and ~ i. caapute4 internally 
(XNAC • Oc 1) or input (KNAC • 2). 
Next, if the number of engines 1 .. two or more (ENp ~ 1), the pylon weight 
ia expresse4 as 
where 
.736 
HpYLON D PpYL("ENG + "HAC) 
FpYL • input scale factor 
(V .1.7) 
ana "ENG' WNAC are obtained from equations (V.l.4) or (V.l.S) and (V.l.6). 
For propeller types NTYP • 1 to 6, the propeller weight 1a given by 
numeri.cally complex functions of. propeller c!tameter DpROP ' number of 
blades BL, propeller blade activity factor Ap, engine speed RPM and horse-
power HP MSLS' and cruise Mach number £M
eRU • These input parameters are used 
to define numerical values ~or the constanta XXl , xc", Fl , F2,····, F6. For 
NTYP • 1 to 5, the propeller weight is then eattmated by t~e function 
2 .7 .15 15 .12 .5 
"FAN • SKl F 1 F 2 F 3 F 4 F 5 F 6 + XC" 
ana for NTYP • 6, the fan weight is sim1larly written .s 
w • X Fl •S5 F· 7 F· 6 F· 5 F .12 ~.5 
FAN Kl 1 2 3 4 S ~ 6 
V-l 
5 
(V .1.8) 
(V.l.~) 
(V.l.10) 
wh.e XX2 1a a n.erical factor and DpROP i. propeller cU.a.eter, ft. 
TOrque i. computed by iu definition in tUIU of bor.epower and RPM, 
TORQUE • 550 HP Maul (2. n *a.GM/60. ) (V.1.11) 
FroID thi8 value the 9ear box wei9ht 18 e.timated by 
WT • XX TORQUE· 84 (V.l.12) GB l 
where xx] • .085, waless input .. nonzero. If the Hamilton-Standard option is 
specified, subroutine ENGINE returns values for t~e wei9ht parameters which 
are computed in subroutine WAIT. 
For turbojet or turbofan engines, N'l'YE • 7, and the engine weight 
parameters are very simply given between statements 500 and 600 in terms of 
input parameters, i.e., 
nacelle weight, 
pylon weight, 
.736 
lFPYL(WENG + WNAC) W • PYLON 0 (if single engine confi9\lration) 
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(V.l.13) 
(V.1.14) 
(V.l.15) 
(V.l.16) 
, 
\ 
WASLS • .e. level static .irflow 
SPNSLS • ... level .tatic .pecific t.br ... t 
SWSLS • .e. level .tatic engine spe~ific weighc 
FNSLS • e.. lev.l eutte thruet 
UWNAC • nacelle weight per unit are. 
FR' • factor for pylon weight 
'." 
The remaining statements of the subroutine are concerned only with print 
statements for several values of NTYE and WlYP. 
V.l.l.2 Subroutine HOPWSZ 
This subroutine deals with numerical weight and .ize of horizontally 
opposed piston engines. The input to the subroutine is descriptive information 
as to engine geometry of which the follOWing are the most important: 
SKWGT • engine weight calibration factor (nominally 1) 
SKWDTH • engine width calibration factor (nominally 1) 
RWH • ratio of engine width to height (nominally 1.3) 
HPMSLS • maximum sea level standard horsepower of engine 
NCYL • number of engine cylinders where 4 ~ NCYL ~ 8. 
HPQAB • ratio of rated horsepower to ~iston bore area, hp per sq in 
Several numerical scale factors are defined as functions of NCYL and other 
input parameters, after which the principal output quantities are found as 
SWSLS • specific weight (sea level standard) lb per hp 
ANAC • nacelle s\~face area, sq ft 
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XLN • leJl9t.h of nacelle, ft • 1.2 • length af engine (XL) 
WN • width of nacelle • 1.08 • width of engine (W) 
HN • height of nacelle • 1.2 • height of engine (8) 
Using these definitior.a the engine specific weight i8 given by 
1800. (1 4 1:.) 
SWSLS • SKWG'l' • SWN (PSTSPD) BMEP (V.1.17) 
where SWN i8 f~und by a table look-up. The variable PSTSPD, piaton speed, 
i8 computed from 
PSTSPD • 33000. * HPQAB/BMEP (V.1.18) 
Engine width, W, i8 given by 
W • SKWDTH • (k • HPMSLS + 30.0) (V.1.l9) 
.0167, 
k • .0125 NCYL • 6 
.0106 NCYL • 8 (V.1.20) 
1"01' UIlSupercha1"ged engines the engine width to lell9th ratio, RWL, i8 computl'd 
from 
RWL • B - .09 • RWH 
where depending on engine type 
1.31 or 1.11, 
B • 1.10 or 0.92, 
1.0 or 0.83, 
V-l 
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(V.1.21) 
NCYL • 4 
(V.1.22) 
where 
RNL • 8 - .156 • RNH 
1
1.53, 
8 • 1.40, 
1.31, 
NCYL • 4 
NCYL • 6 
NeYL • 8 
Engine length and height are then given by 
L • W/RWL 
H • W/RWH 
NAcelle surfAce area is computed from 
ANAC • 0.8 • (WN + ~. 71i • fIN) • XLN/144. 
V.l.l.3 Subroutine RCWSZ 
(V .1.23) 
(V.1.24) 
(V.!. 25) 
(V.l.2(.) 
(V.1.27) 
This subroutine deAls with weight a.nd size characteristics of the rot.lting 
combustion engine. The subroutine begins with A tabulAtion of several input 
dAta part1J1\eters, after which tile input/output computations begin, in much lilt' 
same order as WAS described for the previous subroutine. Principal input 
paramoters are listed in the cAll statement as 
HPMSLS • maximum seA level stAtic horsepower 
ROTN • DUmber of rotors 
GR • rAtio of propeller rpm to maximum engine rpm 
SKWGT • engine weight calibration fActor (nominally 1.) 
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SKDUM • eftCJ1ne 4iamet4!'1' caU.braUon factor (nc.1nally 1.) 
nsLS • apecific weight, atan4arcS ae. level, lb per hp 
Other input quantities passed through COMMON statementa, cSeal with the 
technology date level (IOATE • 1970 or l.980), and thfl Beenee or presence 
of auperchArger (KSPCHG • 0 or 1). 
The computational results are straightforward and vary principally 
with horsepower and number of rotors. Output quantities of the subroutine 
are 
GR • ratio of prop rpm tq engine rpm (operating condition) 
SWSLS. specific weight with supercharger, lb per hp 
ANAC • nacelle wetted area, sq ft 
XLN • nacelle length, ft. 
V.l.l.4 Propeller Weights, Subroutine WAIT 
Propeller weight is est~ted in this lO-card subroutine aa a numeric~l 
function of seven input parameters: 
NTYP • IWTCON • airplane propeller type (1 to 5) 
ZMWT • Design cruise ~:ach number 
BHP • brake horsepower 
DIA • propeller diameter, ft 
AFT • activity factor per blacSe 
BLADT • number of blades 
TIPSPo- tip speed, ft per sec. 
Then, according to several straightforward but nonlinear functions, the output 
parameters are simply, 
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wr70 • pJ:Opell8Z' weight, 1970 tecbno1OCJY, lb 
wr80 • propeller weight, 1980 technology, lb 
Equations employed are 
,A.P. NO SlIP . ( )
u )Y 0.12 
too" (20,000 (1002) 
where 
0.5 ] (M+1) + Cw 
(V .1.28) 
WT70 or WT80 • WT • propeller wet weight, lb.. (v.elUde •• pinner, de-
icing and governor) 
DlA • D • propeller diameter, tt 
~LADT • B • number ot. blades 
AFT - A.F. • blade activity factor 
VT1P N - propeller speed, rpn (take-ott • .;;:0- , YT1P • TIPSPD) 
BHP • SHP • shaft horsepower, HP (take-ort) 
ZMWT - M - Mach nwnber (design condition, maxim\IID power cruise) 
Cw • Y(iO)2 (8) (~O~·)2 (20~OOO)0.3 • counterweight wt., lb •. 
(V.1. 2:1) 
1),' u, v, and y values for use in the weight equation are taken from 
the table below. 
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Propeller 
Type Tecbnolocn 
(N'l'YP) 1970 1980 ~ ~ 1: 
-
1 (1) (1) (1) 170 0.9 0.35 
2 (2) (2) (2) 200 0.9 0.35 
3 (3) (3) (3) 220 0.7 0.40 
4 (.1) (4) (4) 190 0.7 0.40 
5 (3) (5) (5) 190 0.7 0.30 
Propeller types associated with above Rw' u, v, y are as follows: 
1. all fixed-pitch props 
~ 
0 
0 
S.O 
l.S 
0 
2. McCauley non-counterweighted, non-feathering, constant speed props 
3. all Hartzell, all Hamilton-Standard small props, and feathering 
McCauley 
4. fiberglass-bladed, constant speed, counterweighted, full feathered 
S. fiberglass-bladed, constant !I.'leed, double-acting (non-counterweighted), 
full feathered, reverse 
V.l.2 Airframe Weight 
. 
The weight of the structure, flight controls, and payload components 
of the aircraft are determined in subroutines WGHT (Section V.l.2.2). 
Subroutine DLOAD (Section V.l.2.1) determines the minimum design speeds, and 
structural load factors while subroutine '.rAIL (Section V.l.2.4) is used in 
one of the stability and control options. 
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V .1.2.1 SubEOutine DLOAD - Design Spee4e and Load Pactor.. The 
pur.po.e or this subroutine is the computation of min~ de.i9n airspeeds 
and load factors of an aircraft in accordance with Federal Aviation Regulations, 
(PAR) Part 23 or 25. These speeels and load factors are used to permit 
computation of structural weights by subroutine WGHT. Both maneuver load 
factor and qust load factor are considereel. 
The primary input parameter to this subroutine is the airplane struc-
tural design category indicator CATo' defined as 
0, PAR Part 23 normal cat890ry 
1, PAR Part 23 utility cat890ry 
• 
2, PAR Part 23 aerobatic category 
3, FAR Part 25 transport cateqory 
If FAR Part 23 requirements are selected, wing loading (WOS) is also an 
important parameter for determining the m~ nimum design airspeeels. Other input 
parameters passed through the Subl"Outine argument list are 
VMLFSL • Estimate of structural design equivalent airspeed, mph 
CLALPH • Lift curve slope, per rad. 
CBARW • wing mean aerodynamic chord, ft. 
The subroutine begins by changing the units of the estimated structural 
design velocity from miles per hour to knots, 
VMLFKT • VMLFSL/l.15 
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and 1f CATD • 3 branch •• to .tateent 50 for uan.port cat.tory aircraft. 
If one of the PAR Part 23 categories hu been .elected, the IIliniDNm de8ign 
airspeeds are determined and checked. 
For CAT D • 0 or 1, the minimum d •• ign crui.. .peed i. 
1 
33. v;os: 
V • 
OUN [33 - .055(WOS-20») ,piSS 
WOS < 20 
WOS ~ 20 (V.l.lO) 
and for CATD • 2, 
1
36 VWOS 
V • 
CMlN [36 - .0925 (WOS-20») VWOs 
WOS ( 20 
WOS ! 20 (V .1.31) 
The minimum de8ign dive speeds are also functions of the wing loadingl 
i.e., 
Nomal Category, CATD • 0: 
1 
1.4 VCMIN ' V • 
DMIN (1.4 - .000625(WOS-20»)VOUN 
WOS ( 20 
WOS 1 20 
Utility category, CATD • 1: 
1 
1.5 VCMIN WOS ( 20 
VOMIN • (l~5 - .001875 (WOS-20) )VCMIN WOS! 20 
Aerobatic category, CATO • 2: 
1
1.55 VCMIN' WOS ( 20 
(1.55 - .0025(WOS-20»)VCMIN WOS? 20 
V-l 
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(V .1.32) 
(V.l.33) 
(V .1.34) 
Por trauport catecJory (CA"'o • 3) there ue no lower U.lta establ1ahed 
for the 4.sign czuie. IISNted as for PAR Part 23 aircraft. The lD1n1mum design 
dive speed for traneport category aircraft 1s 
VDM1N • 1.2 VMLFKT • 1.2 VMI) (V.1.35) 
The l11D1t maneuverillCJ load factors pez the PAR's are then specified .s 
3.8, CAT • D 0 
4.4, CAT • 1 
DIll • 
D 
6.0, CAT • 2 0 
2.5, CAT • 0 3 (V.l.36) 
The qust load is evaluated at the altitude at which maxian~ operating equivalent 
airspeed (VMO) is equal to the speed for maxiJDuDt. operatiRCJ MAch number (~Ll) 
so long as the altitude falls in the band 
o ~ h ~ 20,000 feet (SIGMA ~ .53281) (V.L37) 
For a non-transport category aircraft (CATD ~ 3) this limit is 12,500 feet. 
(SIGMA ! .6820). 
The gust load factor is calculated for a SO ft/sec gust at VCMIN and 
a 25 ft/sec gust at VDMIN, and the most critical condition selected for tlll~ 
gus~ load condition. 
(V.L38) 
where the design cruise speed and design dive speed load factors are 
GLFC • 1 + SO GLFK CLALPH VCM1tI(498. waS) 
GUO • 1 + 25 GLFK CLALPH VOM1N/(498. waS) 
V-I 
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(V.L39) 
(V.L40) 
In thus. equaUou, 
(V.l.4l) 
where the airplane I114S8 ratio is defined as 
(V.l.42) 
The closing cClllputation 48al. with the ultimate load factor, Which 1s 
.imply 50 per cent greater than the most critical of the maneuver or gust 
load factor 
u • LF 
1.5 ~ 
1.5 GIJ' (V .1.43) 
V.l. 2. 2 Subroutine WGH'l'. This subroutine is uae4 to CCIIlpute the wei\Jht 
of the structural and flight controls components of the aircraft using the 
geometry established by subroutine SIZE. It is also possible to si::e tip 
tanks if the wing volwne is inadequate for carrying the available fuel. An 
additional option provides for relocating the wing on the fuselage and 
resizing the horizontal tail to provide a given level of longitudinal stability. 
The weights of aircraft structural and flight controls components arc 
estimated using nonlinear ,statistical weight equations, and the inn<:r loop 
is used to compute fuel weight, which may require the consideration of wing 
tip tanks, as shown in Figure V.l.2. A secondary loop involves the resizing 
of the engines, and the third major loop requires that the aircraft center 
of gravity location satisfy certain stability conditions. This may mean that 
the tail moment arm must be changed which requires that the inner loop be 
recomputed. 
V-l 
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Resize 
Tip Tanks 
, 
Change 
Wing Fuel 
'''eight 
Input 
Gross Weight 
Payload 
Geometry 
Design Speeds 
Engine 
Tail 
Wing 
Other 
Balance 
Recompute 
N 
OUtput 
Component Weights 
Fuel 
Loads 
.l Wing Location 
Resize 
Engines 
Recompute 
Drag 
Figure V.l.2 Simplified Flo~ Chart for Subroutine WGHT 
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• 
The co.plexity of the probl.. i. increa.ed by the fact that wing weight 
depend. on fuel wei9ht, and becau.e cb&ftge. may require the con.ideration of 
wing tip tank., a. shown in Figure V.l.2. A .econdary l~)p lnvolve. the 
resizing of the engine., and the third major loop (IF LCWING ~ 0) requires 
that the aircraft center of gravity location satisfy certain .tability 
conditions. This may mean that the tail momen, um must be changed which 
requires that the iMer loop be recomputed. 
The complexity of ~e problem i. further increas84 by the fact that wing 
weight depends on fuel weight, and because chang.s in the wing tip tanks 
may require the en\}ines to be resized. This nonlinear dependence of the 
aircraft parameters also shows in the balance option, for which a changp. in 
tail area and moment arm also varies the weights of both wing,tails and fuel. 
As suggested by Figure V.l.2 the following four headings will be discussed 
here: 
1. Component weights, 
2. Fuel weight, 
3. Tip tank weight, and 
4. Center of gravity 
The subroutine begins by defining a number of numerical parameters, 
including fuel density FUELo and quar.ter chord swebp angles of wing and tail 
surfaces. The lift cv~e slope of the wing is 
(V.!. 44) 
where Cl fnd C2 are functions of quarter chord sweep, aspect ratio, and 
cruise Mach number, 
V-l 
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(V.l.4S) 
(V.l.46) 
The lI\Ibroutine DLOAD 18 then called, which ~.tVft8 valu .. fo~ the llut 
_Lx call argument. 
VDMIN • minilllu1l de.ign dive .peed, kt. 
ULF • ultimate 1«N4 factor, g'. 
GLF • gust load factor, g'. 
~ • maneuver load fa~tor, 9'. 
VMO • maximum allowable ope~atinCJ aU.peed, kta 
~ • maximum allowable operating Mach number 
The input quantities to DL01\O u:e the fir.t five ugumeftU, which Are 
max~um velocity ~SL' wing loadiny WOS ' FAR st~ctural design category 
CATD, lift curve slope CLALPH ' And wing mac, CBARW ' frCID COMMON/SIZE,'. 
V.l.2.2.1 Fixed Equipment Weight. Unless input in namelist INGASP 
as WFEX, the weight of fixed equipment is estimated in pounds as 
WFE • 61.75 * SEATS
2 
- 352.5 * SEATS + 533. (V .1.47) 
where 
SEATS • PAX + 1 (V.l.4B) 
and PAX is the number of passengers curied by the·ai~c~aft. This trend is 
applicable for two-seat trainer configurations through 8 to 10 place business 
type aircra,t. Figure V.l.3 shows the items that are considered a part of 
the fixed equipment as well as the breakdown for some current ~ircraft. 
V-l 
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Program modified Feb. 1980 replacing equation 
V.l.47. If WFEX not input WFE and WFUL (next 
section, pg. V-l-20) are computed by ne~ sub-
routine WFIXEU. Figures V.l.3 and V.I.4 are 
still useful guidelines. 
AIRCRAFT 
ITEM Cessna Pl.pex· Cessna Cessna Gu1fstreaa 150 Arrow 210 340 Citation Learjet DHC-6 I 
Auxilary Propulsion Unit 
- - - - - - -
345.5 
Instrument & Navigation 5.8 15.4 20.0 61.9 85.7 80.0 70.4 211.7 
Hydraulic and Pneumatic 3.3 19.8 51.1 15.3 94.2 106.0 43.3 236.7 
Electrical 44.7 49.6 59.5 131.5 321.4 441.0 343.4 1073.7 
Avionics 
- - -
1.1 361.5 300.0 65.0 607.1 
. 
Furnishings 45.1 117.4 195.0 244.9 688.0 488.0 785.7 1981.9 
Air Condi~l.oning 5.4 - 7.0 14~.1 187.8 243.3 497.2 200.0 
.. 1 
\I)~ Anti-Ice 
- -
2.9 3.7 63.0 190.2 284.2 
Auxi1ary Items 
- - 2.5 2.7 2.4 - - 6.0 
Paint 
- 13.3 13.6 :37.5 36.0 50.0 38.2 5.9 
TOTAL (W
FE
) 104.3 215.5 351.6 640.7 1840.0 1665.0 1779.5 5249.9 
FIGURE V.1, 3 WEIGHT OF FIXED EQUIPMENT 
.~ 
V.l.2.2.2 Pixed Ue.ful toad. The wei,ht of fixed Wleful loact, WPUL, 
.at be input in .... li.t INGASP. riC)Ul'e V.l.4 .Ilow. the it_ that are 
\&8ually con.idered a part of thi. cateeJory u well a. the breakdown for some 
current aircraft. 
V .1.2.2.3 Payload Weight. 'l'he progr .. i •• et up to detem1ne the 
range capability of the confiC)Ul'at .• on for three payload.. The three condition. 
are known a. the maximum payload, maximum fuel, and the de.ign payload. These 
are outlined in the following par.gr.ph •• 
The maximum payload i. d.termined from the number of p •••• ng.r. (PAX) 
and unit weight of pa.senger and lugg.g. (UWpM) as input in namelist INGASP; 
i.e. , 
WpL - UWpAX PAX (V.l.49) 
where UWpAX - 200 pounds ls the typic.l def.ult v.lue. 
The maximum fuel c.se p.yloa4 is determined by the total fu.l volume 
c.pacity of the configuration, constrained by the gross weight or usabh· 
fuel volume of the aircraft. The mathematical representation is 
where WG - design gross weight, lb 
WOE - aircraft or ~atin9 weight empty, lb •• 
WFMAX • maximum fuel weight, lbs. 
(V.1. 50) 
If WpL is negative, the payload would be set to zero and WPMAX reduced to 
stay beloH the gross weight limit. 
The last c.se is the design paylo.d case. The design p~ylo.d weight is 
input as WpLX in namelist INGASP. If no value is input, then the maximum 
V-l 
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AIRCRAFT 
ITEM cessna, 
Piper Cessna Cessna Gulfstreaa 
150 Arrow 210 340 Citation Learjet DHC-6 I 
Crew & Crew Baggage 200.0 200.0 200.0 200.0 340.0 385.0 400.0 420.0 
Trapped/Unusable Liquids 
- -
6.0 41.0 109.9 1.J2.0 35.0 229.0 
. 
Engine 0.1 11.3 15.0 22.5 49.0 37.0 15.0 54.0 !13.0 
Passenger Service Items 
- - - - -
10.0 
-
145.0 
"''f ~~
Optional Equioment 
-
30.9 
-
247.0 1-55.3 
- - -
Total (WFUL) 211.3 245.9 228.5 537.0 £.52.2 542.0 489.0 907.0 
FIGURE V.l.4 WEIGHT OF FIXED USEFUL LOAD 
,~ 
payload ca •• previou.ly d.scribed becom •• the d.si9n condition. 
V.l.2.2.4 Propulsion Sy.tam Inatallation. Following .tatement 3, 
the propulsion .y.tam wei9hta are a¢counte4 for a. 
• priD~y en9ine wei 9ht • WENG F.Np 
WpROP • propulsor wei9ht • ENp WpROP 1 
WpES • prtmary engine .ection structural wei9ht 
(WNAC + WpYLON) ENp 
WpEI • prtmary engine installation weight • SKpZI WEP 
WP STAR· CKS WEP + CK7 WpEI + WpROP 
(V.l.Sl) 
(V.l. 52) 
(V.l.53) 
(V.1. 54) 
(V.1.55) 
where WENG , WPROP1' WNAC ' WpYLON have been determined by subroutine ~NGWGT 
or input. SK,EI is input in nameliet INGASP to account for engine install,ltion 
hardware. It may be input as zero if it has been accounted tor elsewhere. 
CKs and CK7 are oet to 1.0 internally .. 
If. the engine section weight WpES does not have a value at this point, 
it will be determined by 
(V. 1. 56) 
where SK,ES is input as .338, typically. 
V.l.2.2.S Landing Ge~r. For the normal tricycle gear 9eometry, the 
total landing gear weight including the running gear (wheels, tires, brakt'!>, 
etc.), structure (shock struts, drag struts, support structure, etc.), 
and controls lreotraction, steering, systems, etc.) is expressed as a perc~'nl<lge 
of the design gross weight where 
W • LG 
V-l 
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(V.l.57) 
where WLG • total weight CIt the lancSing gear 
SL • landing gear 
La gross weight 
WG • design gross weight 
(V.l.58) 
The percentage will vary between 0.015 and 0.080 depending on the complexity 
and design loads of the system. ConvAntional landing gear with retracting 
systems, operating on tmproved runways, normally run between 0.025 and 0.0 ' 
STOL-type systems operating on rough runways require longer and laryer 
alighting gear components to accomodate the a~rcraft's higher rotational 
Angle and sink speeds required to operate at the shorter field lengths. 
SKLG for the STOL aircraft will normally vary between 0.03S and 0.08. The 
main gear usually weighs about 80 per cent of the total gear weight. The 
SK term in the weight expression above is the value that is input in 
namelist INGASP or a default value of 0.0318 is used. The weight fraction 
of the main gear is ~eterminea by inputting S~G or using the default V.lIUt' 
of 0.80. 
Figures V.l.S to V.l.1 are included as a guide in selecting S~G' It 
includes the total gear weight as a fraction of the gross weight for a 
sampling of military, commercial, and general aviation aircraft. 
V.l.2.2.6 Empennage Weight. various geometric parameters for the 
vertical an4 horizontal tail then follow. The tangent of the leading edge 
sweep angle of the vertical tail is 
where 
+ tan (SWPOCv' 
SLMy • taper ratio of vertical tail 
ARvT - aspect ratio of vertical tail 
SWPQC
v 
- quarter chord sweep of vertical tail 
V-l 
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(V.1.59) 
Total Fraction of 
Gross Weight Gear Weight GrOBS Weight 
Aircraft ~lb. ) (lb. ) (t:KLG ) 
Bede 5J 1,000 41 0.041 
Cessna 150 1,600 114 0.07125 
Cessna '''72 2,300 117 0.05087 
Piper Arrow 2,600 98 0.0377 
Cessna 182 2,800 134 0.0478 
Cessna 210 3,800 182 0.0479 
Cessna 340 5,975 268 0.0448 
N("'mad 22- 8,000 400 0.05 
Citation 11,650 425 0.0365 
DlIC-6- 330- 12,500 606 0.0485 
Merlin IV 12,500 623 0.0498 
Learjet 24 13,500 429 0.0318 
Fregate 23,810 1,113 0.0467 
Gulfstream I 35,100 1,237 0.0352 
Jetstar I 40,921 1,081 0.0264 
FIGURE V.1.5 GENERAL AVIATION LANDING GEAR WEIGHTS 
-STOL-type aircraft 
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Total 
Gross Weight Gear Weight 
Aircraft (lb. ) (lb.) 
F-27 )5,700 1,884 
VFW614 44,000 1,620 
Convair 440 49,100 2,158 
F-28 65,000 2,649 
737-200 100,000 4,038 
OC-9-32 108,000 4,182 
727-100 161,000 7,211 
Convair 880 184,500 6,933 
DC-8-62 335,000 11,449 
707-320 336,000 12,982 
OC-10-10 430,000 18,581 
747 775,000 32,220 
FIGURE V. 1. 6 COMMERCIAL LANDING GEAR WEIGHTS 
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Fraction of 
Gross Weight 
(SIC
LG
) 
0.0528 
0.0368 
0.0439 
0.0407 
0.0404 
0.0387 
0.0448 
0.03758 
0.03417 
0.0386 
0.0432 
0.0416 
Total Fraction of 
Gross Wei9ht Gear Wei9ht Gros8 Weight 
Aircraft 11b. ! 11b • ) (SKLJ l. 
DHC-4* 28,500 1,398 0.049 
Breguet 941* 46,000 2,626 0.OS71 
DHC-5* 41,000 1,800 0.0439 
C-123B 54,000 2,331 0.0432 
C-1l8 107,000 3,895 0.0364 
C-130B* 135,000 4,824 0.0357 
C-130E6 155,000 5,077 0.0327 
C-124C 185,000 11,700 0.0632 
C-133A 275,000 10,635 0.0387 
C-14lA 316,000 10,529 0.0333 
C-SA 728,000 37,628 0.0517 
FIGURE V.l.7 MILITARY AIRCRAFT LANDING GEAR WEIGHTS 
*STOL-type aircraft 
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The vertical tail root cbol'd and horizontal tail root cbol'd i. then expressed 
a8 a function of al'ea, 8pa1l, and taper ratio, 
vh.e 
CRCLvr • 2 SvrI[BVT(l + S~)J 
CRCLHT • 2 Swr'[BHT(l + S~)J 
BVT • 8pa1l of vertical tail 
Svr • the planfo~ area of vertical tail 
BHT - span of horizontal tail 
SHT • the planform area of horizontal tail 
(V.l.60) 
S~lal' expressions follow for the chordwise di8tance fram root chord 
leading edge to mean aerodynamic chord leading edge, XV MAC' and for the 
distance from aircraft nose to wing center of gravity, which is shown as 
ELwING in Figure V.l.8 
The weights of the horizontal and vertical tails al'e determined from 
the weight trend equations developed in Reference 1, and presented below. 
where 
where 
Horizontal Tail 
WHT • 350 (k) 0.54 
Vertical Tail 
WVT • 380 (k) 0.54 
(F V + SAH F .12 ) SVT 109 (VOM1N.) k • --~~~~~~~~~~--~~-100 ELTV TCVT CRCLvr 
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(V.1.61) 
(V.!. 62) 
(V.lo63) 
(V.!. 64) 
(V.1.65) 
CP MRGN CBARw 
ElTV-----~ 
xv·MAC 
L .. --EL F 
FIGURE V.l.9- Wing-Vertical Tail ~~ometry 
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.> 
Py • .5 x 10-
6 
"G SKz (ELp + 8) Bvr (1 + 2 x StMy)/(l + StMy) 
(V.l.66) 
where the following symbol. have been used: 
SHT • horizontal tail planform area, sq. ft. 
SVT • vertical tail planform area, sq. ft. 
VDMIN • dive velocity, knots 
S • location of horizontal tail on vertical tail (fraction of AM 
vertical tail span from root of vertical tail) 
ELT • horizontal tail moment arm, ft. H 
ELTy • vertical tail moment arm, ft. 
TC • horizontal tail root thickness ratio HT 
TC • vertical tail root thickness ratio VT 
CRCLHT • horizontal tail root chord, ft. 
CRCLvT • vertical tail root chord, ft. 
FH and Fv • tail load parameters 
WG K design gross weight, lbs. 
BHT - horizontal tail span, ft. 
B • vertical tail span, ft. VT 
B a wing span, ft. 
ELr • fuselage length,. ft. 
S~ - horizontal tail taper ratio 
SLMv - vertical tail taper ratio 
SKy • horizontal tail weight trend factor (See Figure V.l.?) 
S~L • horizontal tail weight penalty factor (nominally • 1.0) 
SK • vertical tail weight trend factor (See Figure V.l.lO) 
z 
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The trend. colUl14er the tail 10&48 which are a funotioA of tM 9~O •• 
weiCJht, .pan, l:&4ii of CJY~ation, and point of lo&cl application. The 
• SAIl II term in the vertical tail equation accounu fo~ T- tail confiCJUI'-
ations. Figure. V.l.9 and V.l.10 present the airc~aft uae4 to d.velop 
the trends. The term "SK.rL" 18 in nameUst INGASP and has a default 
value of 1.0. It is included to provide a means for penalizing the weight 
of the horizontal tail when additional design load., .uch .. carrier 
lAndings, are a consideration. S~L would then have a value between 1.1 
and 1.2 depending on the magnitude of the design loads. 
The terms "SK " and "SK· are the weight trend factor. for the y z 
horizontal and vertical tails respectively, as defined in reference 1. 
These items are related to the pitch radius of ~yration for the 
horizontal tail and the yaw radius of gyration for the vertical tail. 
Figures V.l.ll and V.l.12 show the definition of these terms in relation 
to the radii of gyration as shown in the VASCOMP program, Reference 1. 
This relationship is based on the regression analysis presented in 
Reference 2. Since this analysis mainly contained a large airplane data 
base some smaller airplanes were analyzed using these weight trend 
equations. Figure V.l.ll shows the resulting SK and SK terms for these y z 
smaller airplanee. 
V.l.2.2.7 Wing Weight 
The wing structural weight trend equation is based on a semi-
empirical relationship developed from the approach outlined in Reference 
3 and a regression analysis of the 18 aircraft showa in Figure V.l.l~. 
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!!!craft SKy SK z 
Cessna 150 0.204 0.227 
Bede SJ 0.14 0.190 
Arrow 0.0747 0.22(' 
Cessna 210 0.115 0.164 
Cessna 340 0.063 0.10 
Citation 0.102 0.200 
Learjet 0.180 0.220 
DHC-f, 0.110 0.220 
Gulfstream I 0.166 0.48 
FIGURE V. 1.13 FACTORS COMPUTED FOR SMALLER AIRCRAFT 
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Aircraft 
1. Bede 51 
2. Cessna 150* 
3. Cessna 172* 
4. Piper Arrow 
5. Cessna 182* 
6. Cessna :no 
7. Cessna 340 
8. CITATION 
9. DUC-6* 
10. Merlin IV 
11. Learjet 24 
12. Fregate 
13. Gulfstream I 
14. F-27 
15. Jetstar I 
16. F-28 
17. 737-200 
18. DC-9-32 
*STRUT-BRACED WINGS 
Gross Wing Actual Total Predicted Total I\ctuoll Wl.'l"llt 
Weight Area Wing Weight Wing Weight of Hiqh 1.1 tt 
Ibs. ft. Ibs. Ibs. Dov i':l".·· I i I ~ l • 
1000 38 90 80.42 ·1 •. ' 
1600 157 206 199.88 lll., . 
2300 174 235 246.34 17. ·1 
2600 160 273 275.70 15.(1 
2800 174 257 281.98 H, .• 
3800 175 375 395.87 22. \ 
5975 185 544 530.59 17 •• '
11650 268 1019 1064.61 B').h 
12500 420 1212 1480.17 134. J 
12500 277 1316 
~ 
1249.80 100 
13500 232 1175 1151.22 170 
23810 600 2749 1981.87 320 
35100 610 3643 4162.57 472 
35700 754 4265 4121.'33 51h 
40921 543 2954 3914.50 4()7 
65000 822 7U5 7027.85 92H 
. 
100000 1005 10775 10332.96 242(, 
108000 1001 11391 11409.55 2241 
** includes trailin.) edge and loading edge d(!v ivt .:; 
FIGURE V.l.l4 WING WEIGHT DATA 
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Th~ method outlined in Reference l is biAsed on a generalized 
expresaion for the material required to resi,lt the root bendinCJ moment 
due to wing 11ft in a apecified flight conditJ.on. The method does not 
include eat~ting the wuight of the high-lift devicea (aeo aubroutine 
FLAPS) but does account for type of wing, wing relief factors, and 
landing gear location. The resulting trend equation is of the following 
form. 
where 
w • lo-5SK... __ SIt SL SK F 81.049 (l + SL_J· 4 W -ww -~O EPOS GEAR 00 -M 
TC .4 C 1.535 
R SWC2 
SKww • wing weight trend factor in namelist INGASP 
(default • 133.4) 
S~o • correction factor for the non-optimum material 
• 1 - 2.5/ Val CSWC2 
S~POS • engine position factor from Reference 3 
(V.1. 67) 
(V.l.6S) 
(V.1.69) 
• 1.0 propeller aircraft with no wing-mounted engines 
• 0.98 propeller aircraft with 2 wing-mounted engines 
• 0.95 propeller aircraft with 4 wing-mounted engines 
or high-subsonic jet aircraft with 2 wing-mounted engines 
. 
• 0.90 high-subsonic jet aircraft with 4 wing-mounted 
engines 
• 1.05 high-subsonic jet aircraft with no wing-mounted 
engines 
SKGEAR • landing gear location factor from Reference 3 
• 1.0 for wing-mounted landing gear 
• 0.95 for landing gear not mounted on wing 
V-l 
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(V.1. 70) 
'F 00 • wing loading parameter 
• (V .1.71) 
SKSTR • reduction in bending moment factor for street braced 
~ing from Reference 3 
2 
• 1 - (STRl11') 
STRUT • ratio of spaftwise location of wing strut to wing 
semi-span (equals 0 for cantilever wing) 
ULF • ultimate design load factor, g's 
WG • design gross weight, lbs. 
Ww • wing weight, lbs 
1 
B • wing span, ft. 
SLM • wing taper ratio 
TCR • wing root thickness ratio 
CSWC2 • cosine of wing half-chord sweeps Angle 
WHLDEV • weight of wing high-lift devices, lbs. 
(computed in subroutine FLAPS) 
(V.l. 72) 
Figure V.l.14 compares the predicted and actual wing weights for the 
18 aircraft used i~ the regression analysis to determine the default valu(! 
of S~ and the exponents on span, taper ratio, thickness, and sweep 
angle terms. 
v.l.2.2.8 Fuselage weight 
The weight of the fuselage structure is determined from the weight 
trend equation developed in Reference 1 and presented below. 
-.-----
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(V.1. 7 J) 
where 
(V.1. 74) 
(V.1. ;r;;) 
LEGEND: 
S~ • fuselAge weight trend fActor in name11st INGASP 
(defAult • 136) 
Wx • weight of fuselAge And contents (includes empennAge), lbs. 
SF • wetted areA of fuselAge, ft. 2 
SWF • fuselage width, ft. 
E~FC • length of fuselAge, ft. 
ELRW • length of pylon for fuselAge mounted engines, ft. 
VDMIN • dive speed, kts 
DELp • limit differential cabin pressure, psi 
ULF • ultimate load factor 
WBOOM - weight of fuselage ta;",l boom, Ibs. (KCONFG. 1) 
SKBM - tail boom weight trend factor in namelist INGASP 
ELBM - length of tail boom, ft. 
XA~ - cross-sectional area of tail boom, ft. 
WG • aircraft design gross weight,~ lbs. 
The above trend equation was developed using A number of commercial, 
military, And cargo Aircraft. Figure V.1.1S indicates the relative body 
weight variation between these different families of aircraft. A mean 
line with an S~ value of 124 is shown to represent the average of all 
the aircraft shown in Figure V.1.1S. Also shown is a body adjustment 
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" FIGURE V.l.lS - BODY GROUP WEI~h~ TRENDS 
factor "a" which correcta the 124 conatant in accordance with the apecific 
family being considered. The revised constant, 124 "a", is the s~ tenn 
to be input in namelist INGASP. The limit differential cabin pressure 
(OELp' is input also in INGASP or the program calculates the appropriate 
value to provide an 8000 ft. cabin altitude at the design cruise altitude. 
Since the analysis of Reference 1 mainly contained a large airplane data 
base some smaller airplanes ~ere analyzed using the weight trend equation 
aboVe. Figure V.l.16 shows the resulting SKa for these smaller airplanes. 
V.l.2.2.9 Flight Controls Group Weights 
The weight of the total flight controls group is estimated first and 
then the weight of the cockpit controls component. The difference betwl'('n 
these two weights is considered the fixed wing surface control portion of 
the flight controls. 
The weight of the total flight controls group is estimated from thl! 
following trend equation which is based on a number of military and 
commercial aircraft. 
where 
W • S~ S .317 (10-3 W ,.602 (U ,.525 (Q ).345 
SCXFW W G LF DIV 
Wscx • weight of total flight controls group, lbs. 
S~ • flight control~ weight trend factor in namelist INGASP 
(default • 0.404' 
- wing planfonn area, ft. 2 
- aircraft design gross weight, lbs. 
• design ultimate load factor, g's 
2 QDrv - dynamic pressure at design dive speed, lbs./ft. 
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(V.1.76) 
Aircraft Pressurized s~ 
Cessna 150 No 130.0 
Bede SJ No 160.0 
Arrow No 128.0 
Cessna no No 161 •. 5 
Cessna 340 Yes 101.0 
Citation Yes 87.0 
Learjet Yes 136.0 
DHC-6 No 128.5 
Gulf stream I Yes 128.5 
FIGURE V.l.16 COMPUTED FUSELAGE WEIGHT FACTORS 
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The cockpit controls weight 18 •• timate4 a. the following function 
of groBB weight 
where 
(V.1. 77) 
SK - cockpit ~ontrolB weight trend factor in nameliBt INGASP 
cc 
(default - 11.0) 
The fixed wing surface controls portion i9 then the difference 
we -W -Wee FW sex (V.1. 78) 
Figure V.l.l7 indicates some typical values of SK,w and SKOC for a 
selected number of small airplanes. 
where 
The sum of the aircraft flight control component weights is 
(V. 1. 79) 
WSAS - SKSAS • weight of stability augmentation system input in 
namelist INGASP (default • 0.), lbs. 
DELWFC - incremental flight controls weight, lbs., (this may 
be input in name list INGASP) 
and where the constants CKI are currently the value of unity. If the 
flight controls weight trends are to be by-passed the user can input 
S~, SKCC ' SKSAS as zero aod input the total flight controls weight as 
DELWFC · 
V.l.2.2.l0 Optional Structural Weight Computation Bypass 
If the structural weight trends are to be by-passed the user can 
input SKww' SKy' SK
z
' s~, SKLG , SKpES as zero and input the total 
structural weight as DELWST • 
V-l 
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Aircraft S~ SKCC 
CeBsna 150 0.485 11.5 
Bede 5J 0.133 3.0 
Arrcn. 0.383 U.S 
Cessna 210 0.322 8.7 
Cessna 340 0.350 9.8 
Citation 0.430 20.6 
Lear jet 0.404 11.0 
DHC-6 0.430 20.0 
Gulfstream I 0.430 20.0 
FIGURE V .1.17 COMPUTED FLIti:fr CONTROLS WEIGHT FACTORS 
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where 
DELWST • incremental structural weight, lba. (this .. y be input 
in namelist INGASP) 
V.l.2.2.ll Fuel System and Fuel Weight 
The fuel system weight depends on the amoWlt of fuel available (WFADES) 
for the design payload condition of the airplane. The design payload is 
input as WPLX in namelist INGASP and is identified as WPLDES in subroutinl' 
WGHT. If no value is input than WPLDES is a function of the number of 
passengers (PAX) and their Wlit weight (UMPAX). 
The weight of the fuel system is basically a percentage of the fuel 
volume at the design payload condition as expressed by 
(V.l. 8t)) 
Since the design fuel load is determined by subtracting the component 
weights and payload from the gross weight, the design fuel 1044 is 
expressed as 
where 
(V.l.Bl) 
o • 1 + CK21 S1).s 6.687/FUELo (V.l.82) 
WFUL • fixed useful load weight 
FUELO • fuel density in lb.per gal.Jproqram sets it to 6.687 for 
jet fuel and 6.0 for gasoline) 
CK21 • weight multiplication factor for fuel system, currently s<'t 
to 1.0 in program 
SKrs • .0195, default value of weight coefficient for fuel system 
V-l 
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The value of SlCps will vary depen4i1\9 on the capacity, type, and 
c«1llplexity of the ayat. required. For cCllllUrcial aircraft havin9 aimple 
fuel ayatem. in the wil\9, the value for SK would rang. betwe.n 0.02 and 
FS 
0.07, for aircraft requiring .elf-a.aling tanka with more complex systems, 
the value would range between 0.10 and 0.15. Figure V.l.1S contains th~ 
value of SKvs for aome general aviation aircraft. 
The total propulsion weight ia then computed a. 
where the first term har 'n defined in Eq. (V.l.SS) and the aecond is 
the weight of the fue ., ~~y system from equa'i6D V.l.SO. 
In addition to the design fuel load, two other fuel loading conditions 
are calculated for determining the payload-range calculations performed 
in XRANGE. One is the minimum fuel condition (WFAMIN) and the other 
the maximum fuel case (WFAMAX). 
WFAMIN • WG - WpSTAR - WST - Wrc - Wrt - WFUL - Wrss 
- WpLMAX (V.1. 84) 
The WFAMAX is equal to either WFADEZ or the fuel available for filling 
all the available volume without exceeding the gross weight. 
The next group of statements deal with determining the available wing 
fuel volume and weight. The wing tank fuel volume is found in cu. ft. as 
FVOLW • 
(V.1.85) 
where TC is the average wing thickness to chord ratio, calculated on the 
previous line. S~ is a factor that relates wing volume avaHable for 
---------..... ----..... > .......... --..... , • ..,..,.,..,. 
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Aircraft sKrs 
BeeSe SJ .050 
CE 150 .119 
Piper Azrow .138 
CE 210 .0394 
CE 340 .0415 
CE citation .052 
Twin Otter .060 
Learjet .020 
Gulfstream I .0143 
FIGURE V.l.lS CALCULATED FUEL SYSTEM WEIGHT COEFFICIENTS 
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fuel to total theo~etJ.cal wlng vol.e. If Slew 1. lnput .. _.0 than no 
fuel will be carrlee! 1ft the wlft9. Por cClilpletely wet ving. S~ 1. on 
the oreSer of .43 to .45. P19ure V.l.19 .how. the value of S~ for aoma 
general aviatlon aircraft. The eSefault value of SKwr 1 •• 43. 
The logic bptween .tatement. 38 and 60 sets up an itaratlon to 
converge on a wing wei9ht since fuel wei9ht can be conaieSered as a raliaf 
load factor. 
V.l.2.) Tip Tank Sizing and Welght 
After the win9 wei9ht iteration has conver9ect, and if the maximum 
aval1able fuel is more than the win9 fuel capacity (WPADES ) WFWMX)' the 
tip-tank sizing calculations will start if that option has been selected 
(KTIP • 1). The tip-tank calculations determine the size of two tip 
tanks containing the ~xcess fuel. 
The tip tanks are simulated as prolate spheriods havin9 a major 
ax is, AXIS' and minor axis, BXIS ' The dimens ions of t.hese axes must 
satisfy the constraints shown in V.l.20. The tip-tank sizin9 starts by 
sizing a tank based on the minimum tank length and growin9 the length by 
increments of .25 ft. until all the extra fuel is accomodated or the 
maximum allowable tank size is reached. Constraints are put on tank 
len9th, diameter, and fineness ratiu (LID). The s~~ constraints are 
illustrated in Figure V.l.21, in which the len9th, diameter and volume 
vary as indicated. For Rl > L1/D2 and R2 < L2/Dl, (as shown), two of tho 
extreme corners of the rectangle cannot be used. Notice that the locus of 
fixed tank volume may not contact anX of the four limitin9 values of 
length or dh;",,,:ter (locas V*). 
V-l 
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Aircraft S~ Remarka 
Bede SJ 0.43 wet wing 
CE 150 0.0762 only uses portion of available v~lume 
Arrow c).07B3 only uses portj.on of available volwne 
CE 340 0.114 majority of fuel carried in tip tanks 
Twin Ottftr o. Fuselage fuel tanks 
Learjet 0.43 wet wing plus tip tanks 
Gulfstream I 0.3822 wet wing 
FIGURE V.l.19 CALCULATED WING FUEL VOLUME COEFFICIENTS 
V-l 
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Figure V .1.20 - Tip Tank Geometry 
"»tIN • c..T 
AXMAX • c..T ATMxnC , 
BXMIN • T~ CHT 
BXMAX • AXMAX/LDCK~'X 
. .-'" Volume • Constant 
Len~th ~l • (LID) . 
PRECEDING PAG 
/ 
/ 
Figure V.1. 21 -
£ BLANK NOT rn :V:':Il 
Diameter 
Geom~tric Constraints of Tank 
V-1 
S1 
mln 
The tip tank volume in cUe ft. i. detel1lined frQID the tj.p tank fuel 
requirement WP'1'P and the fuel density, FUE~. 
(V.l.87) 
The winq root chord is derived from the mean chord (CBARw' an4 the taper 
ratio (sx.,.) as 
CUR • % CI1Al\I [1 + sx.,. - sx.,./ (1 + sx.,.'] (V.1. 88) 
and the tip chord is 
CUT • sx.,. CUR (V .1.89) 
Limitinq values for tip tank dimensions Are defined, in terms of which the 
minimum and maximwn values of tank volume are given by 
and 
2 
VFTPMN • S~T (1.046) AXMIN BXMIN 
2 
V FTPMX • S~ (1.046) AXMAX BXMAX 
(V. 1. 90) 
(V.1. 91) 
In these expressions for volume of a prolate spheroid, the numerical 
factor is 2. (w/6.) to account for both tanks, and the factor S~T is 
input at .979 to account for volume of the tank that is not structure. 
The tank diameter needed for minimum length is found, if the volume 
exceeds the minil~l.un volume, as by inverting the volume equation I Le., 
(V.1.92) 
If this is within bounds, control is transferreel to statement 30, where 
succeeding calculations include an equation for total surface Area of the 
tip tanks. For two prolate spheroid tanks, the total area i8 found as 
V-l 
S2 
(V.lo9) 
- 2. n • ""MIN B~Itl4. 
EXIS is the eccentricity of the ellipse of revolution. The laat t~ in 
equation V.l.93 approximates the area of the wing tip aa that of an 
ellipse with axes AXMIN and B~IN' and it is subtracted because it is not 
part of the wetted area of the tip tank. 
The empty weight of the tanks is proportional to the surface area 
(V.l.9S) 
where SKwTp· 1.89 is input as the weight in lb. per sq. ft. of the tank. 
The total weight of tip tank structure and fuel is 
(V.1. 96) 
and the remaining equations in this portion of the program are concerned 
with the iterative tip tank parameters contained between statements 
numbered 5 and 80. 
V.l.3 Aircraft Balance 
During the task of concept form"lation and aircraft definition, 
aircraft balance can be a ~jor concern. Th~s problem does not stand by 
itself. It reaches into other aspects of aircraft design such as stability, 
control, performance, structure weight, engine location, payload require-
ments, and cost. TWo balance options are currently pr'Jvided for in GASP. 
The first (LCWING • 1) is a simplified method and the uecond (LCWING = 2) 
goes into more detail stability, control, and loading requirements. 
V-l 
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V.l.l.l stmplified Balance gption 
The simplified method is based on the following conditions. 
(a) Horizontal tail volume coefficient is specified and held 
constant, i.e., the horizontal tail area varies inversely 
to the tail length. 
(b) First-order values for wing-plus-body aerodynamic center, 
horizontal tail contribution, and static margin must be 
known. 
(c) The airplane shall be balanced with its center of gravity on 
a certain point on the wing mean aerodynamic chord. 
Following the tip tank calculations, the program deals with the 
relocation of the wing if the balance option flag is LeWING • 1 or 2. 
This portion beqins with the computation of remaining weight, WREMN , the 
sum of fuselage, payload, fixed equipment and controls weights. This is 
found by subtracting many component weights from the gross weight, or 
(V.1.97) 
This is followed by a sequence of geometrically derivable quanti-
ties, related to wing, horizontal tail and vertical tail. For the wing, 
these include the wing centerline chord, 
the tangent of the leading edge sweep angle, 
V-l 
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(V.1. 98) 
(V.1. 99) 
the mean aerodynamic chord, 
~C • B * TSWPLE (1 + 2S~)/ [6. (1 + S~)] (V.1.l00) 
and the distance from the aircraft nOS8 to the wing centerline quarter chord, 
(V.1.101) 
+ • 25 (CBAI\rr - CBAl\, + CRCLW ] 
where SLM is the wing taper ratio, and where the various distances in 
V.l.10l are shown in Figure V.l.22. The root chord and mean aerodynamic 
chord are also developed for the vertical and horizontal tail surfaces, 
using analcgous equations and symbols. Following these are expressions 
for the tip chord, which duplicates the equation found in Eq. (V.l.89) 
(V.l.102) 
and for the distance from the aircraft nose to the half chord of the 
wingtip. This latter distance is given the name 
(V.1.103) 
If the wing tip tanks are centered here, their trailing edge occurs at the 
distance 
ELT1PE - ELT1P + .5 AXIS' (V.1.104) 
aft of the nose. The wing tip trailing edge is located at 
ELTPMX - ELC4W + .5 * B * TAN (RLMC4 ' + .75 CHT , (V. 1. 105) 
and if ELT1PE < ELTPMX ' as occurs for a swept-back wing, the centers of 
the tip tanks are located 1/2 tank length ahead of the tip trailing edge. 
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OHIGINAL PAGr~ IS 
OF POOR QUALITY 
The following camputationa deal with ".he IaIleDt &nul frCD aircraft 
no •• to the eattmAted center of gravity of vertical and horizontal tails, 
ELCGV • ELC4W - .25CRCLW + XMAC + .25~ + ~ + .oac~ (V.l.l06) 
(V.l.l07) 
where the last term in Eq. V.l.106 assumes the c.g. of the vertical tail is 
at a, aft of the mac 1/4 chord point for vertical tail. The other undefined 
quantities in this equation are 
s~ • vertical location of horizontal tail on vertical tail, 
o { SA
H 
{ 1. 
BVT • span of vertical tail 
ELINC • aft displacement of horizontal tail root chord leading edge 
relative to vertical tail root chord leading edge 
The program follows with equations for the sp4nwise locations of the 
mean aerodynamic chord of the wing, 
YMAC - B (l + 2S~)/[6 (1 + S~)] (V.1.108) 
and a similar expression for the horizontal tail mac location, where SLM 
is the taper ratio of the wing. 
For the simplified option (LeWING • 1) the program now passes to 
statement 100 where the aircraft center of gravity location aft of the 
nose is then expressed as, 
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(V.l.109) 
+ ELCGH WIlT + ELcav WVT + ELRENN WRENN + WBOOM 
In terms of this distAnce, the wing center of gravity is the follow-
ing distance aft of the nose, 
(V.1.110) 
where 
CPMRGN • .10, location of wing CG in relation to the quarter cord 
of the wing mac 
ST • 0., location of aircraft CG in relation to the quarter MRGN 
cord of the wing mac 
The distance from nose to the quarter chord of the wing mac is 
ELCp • ELCG - STMRGN CBARw (V .1.111) 
This equation (Statement 102) is also the point in the program where 
control returns after the more detail balance option. The next dozen 
equations are related to parameters which are descriptive of the horizontal 
. 
and vertical tail. These include the moment arms for both tail surfaces, 
and these equations can be derived from study of Figure V.I.23. 
ELTV • E~ - ELW1NG - CRCLVT + XV MAC + .25 CBAl\rr 
+ CP MRGN CBA~ 
V-l 
58 
(V.1.112) 
< VII 
\0 ... 
Et,-y 
ST MRGS CBA~ I ~ CP tolRGN CBMw 
EL .. , CG --I CRCry.. 
ELwING --t 
E~ 
FIGURE V .1.23 - VERTICAL/HORIZONTAL TAIL PARAMETEa5 
~ 
EL.ra • BL.rv - xv MAC - • 25 (CIW\n + CRCLvr - awvr' (V.l.U) 
+ XilMAC + ELINe + S~ BVT tan (SWP gev' 
The ueas of the horizontal and vertical tail surfaces u. then re-
calculated 
(V.l.114) 
(V.l.U5) 
wher" the parameters ~ and YBARv are dimensionless tail volume co-
efficients. Other geometric calculations are concerned with span, root 
chord and mean aerodynamic chord of both tail surfaces, using straight-
forward geometric equations which have already been discussed. 
The criterion for convergence in the tail sizing is that the dif-
ference in successive horizontal tail areas be less than .4 sq. ft. 
Otherwise, cor,trol returns to statement 4, where the tail sizing loop 
beginl3. 
At statement 108, the cruise altitude, Mach number and weight are 
redefined, and subroutine CTAER is called to get the drag of the resized 
confiquration. The aircraft center of gravity locaion on the wing mac is 
(V. 1.116) 
Following a number of written statements regarding geometrical parameters, 
the subroutine then computes: 
(a) leading edge sweep angles of wing, horizontal tail ~ vertical 
tail, in degrees, SWPLEO ' SWHLEO ' SWVLEO ' 
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(b) tip chorda of horiaontal an4 •• Ucal tail. CH.m' cs.,." 
aft.. whicb 28 more qeauuical par_ter. are printed. 
of the propul.ion qroup, fli9bt conuol., .tructure., fixed equipment and 
fixed u.eful load i. th&n qiven by 
(V.l.117) 
and if the .UIIt of thi. and the IIWd.IDUII available fuel wei9ht exceeds the 
qro •• weiqht WG, the maxtmUII available fuel weiqht i. redefined aa 
(V.l.118) 
Now, if 100 > 0, or ~IP • 0 or ~H'l' • 2, the pr09rfIIID returu. 
The.e f1aqs correspond to no tip tank8 beinq added or enqine resized, in 
which case the 4raq and enqine 8ize do not require recomputation. Other-
wise, the subroutine8 CTAER, ENGSZ ancl ENGWT are called prior to the 
aecond iteration of the loop beginning with the minimum wing fuel weight. 
V.l.3.2 Detail Balance Option 
The detail balance option uies to position the winq 80 that the e.g. 
uavel fram loading considerations falling within the allowable c.g. 
ranqe fram 8tability and control con8iderations. The 109ic for this 
option is aa follows: 
(1) The wing is initially po8itioned basad on input or default 
tail volume coefficients ancl forward ancl aft 8tability limits 
are assumed. 
(2) Based on e.g. limits the most forward and aft c.q. po8itions 
from a loading standpoint as well a8 the c.q. travel are 
dete~ined. The loadinq rules are summarized later. 
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(3) le-poaition win9 ao that c.,. at .oat f~ loading condition 
(BLCGF) falla at forward c.,. atability and con~ol l~t 
(I'CGLIM) • Caapute taU .. ent aau. 
(4) Call aubroutine TAIL with c.g. travel required to compute new 
tail areas and volumes and new stability and control limits. 
(5) Compare tail size as in .implified balance option, if not 
within allowable tolerance repeat process starting at (1) 
above. 
The 9roup of statements in WGHT starting at the cClll'ment "COMPUTE 
MOST FWD AND AFT LOAD CONDITIONS" throu9h statement 100 deal with the 
computation of the extreme center of gravity locations dU8 to most for-
ward and aft load conditions. These conditions are based on the loading 
rules summarized in the follOWing sections V.l.3.3 to V.l.3.3.7. 
FCGLIM refers to the forward c.g. ltmit and ACGLIM is the aft c.g. 
limit from stability and control considerations. 
The forward and aft loading conditions are specified in terms of 
the extreme values of center of gravity, expressed as a percent of mac. 
The forward c.g. location, in ft., is 
(V .1.119) 
and the aft location ACGLIM,is of identical form, where the paramet.ers 
XCGFWD and xCGAFTare given as percent mac. The center of gravity for 
the operating weight empty condition is 
(V.1.120) 
where the two factors are defined in terms of specified weights and 
moment arms for major aircraft components. The number of passengers, 
NpAX ' and the number of rows of seats, NROW ' are then found under the 
--------- ---. 
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'. 
in ten.. of the n\llber of .e.U abrea.t, SAB. 
The loop 81 b concemed with the ... nt produced by row. of pa •• en-
,er., me •• ued relative t" the no.e of the aircraft. Thu., the acaent 
arm is, for row numb.r I, 
(V .1.121) 
wherft the 1a.t thr •• tem. musure from the aircraft noS'1 to the front of 
ELODN • fin.ne8. ratio of f\lB.l.,. no •• 
~f • height of fus.1ag. no •• , ft. 
ELpC • length of pilot's compartment, ft. 
Ps • lengthwise distance between seats, in. 
This permits the computation of passenger-induced moment a. b)e sum, 
EMpAXT • EMpAXT + SAB (170) ELROW (I) (V.1.122) 
The more r.omp1ex loop 88 i. intended to develop the moment caused 
by several component weights when the c.g. i. at the mo.t aft (ILIMIT • 1), 
the most forward (ILIMIT • 2) and the design location (ILIM1T • 3). The 
loop is called three times, corresponding to these c.g. poSitions, arid 
the computations are complex chiefly because of the number of component 
weights which can vary on the aircraft. 
The first third of the loop is devoted t~ computation of total weight 
and moment of the passengers, the moment being measued relative to the 
nose of the aircraft. These are denoted by WpAXD (ILIMIT) and EMpAXD 
(ILIMIT)' respectively, and are found by straightforward means, being 
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proportional to number of 8eata abrea8t, SAD and to unit weight of 
pa88engers, UWpAX • 
Following thi8 8egment, the baggage weight and moment arm are found 
a8 WBAG (I LIMIT) and ELBAGS in terms of payload, pa8senger weight and 
proportion of fuselage lenCJth, E~. The fuel weiCJht anti center of 
gravity are then found in terms of wir&g geometry and kI,o"n limits of 
center of gravity location. Tip tanks are included in this computation, 
which ends w" ~.h an expression for 
(V.l.123) 
where ILIMIT • 1 or 2, and 
(V .1.124) 
- WFTPD (3) 
These weiCJhts must be positive, and they contribute to fuel weight, 
and hence to the limit weight, 
where 
OWE • operating empty aircraft weiCJht; lb. 
WFWD (ILIM1T) • wing fuel weight, lb. 
WFTPO (II,IMIT)· tip tank fuel weight, lb. 
• weight of payload, lb. 
If the limit weight exceeds WG, baggage weight i8 redefined as 
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(V.1.125) 
(V.1.126) 
(V.l.127) 
Finally, the center of gravity i. located the following distance aft, 
(V.l.128) 
where the diviso~ is in Eq. V.l.126, and where the moment is the s~ of 
five terms, 
These terms correspond respectively to operating em~ty weight, wing fuel 
weight, passenger weight, baggage weight and tip tank fuel weight, for 
the three loading conditions, ILIMIT C 1, 2 o~ 3. 
A large number of parameters are printed, following which c.g. mcment 
ArmS and wing 1/4 chord locations are calculated as ELwING' ELCp' ELCG and 
GCGMAC ' in terms of CP~~N' XCGFWD ' CBARw and related terms. 
A call is next made to ~ubroutine TAIL, which is described in 
section V.l.4, to determine tail size for the required c.g. travel, 
DELXCG. 
V.l.3.3 Most Forward Load Condition 
1. pilot 
2. All seats forward of FCGLIM are H' "~i .by passengers each 
weighing 170 lbs. 
V-l 
6S 
3. If baggage liea fOlWard of PCGLlM, all baggage i. loaded, 
othelWise IlOne (baggage load defined below) 
4. All fuel tanks forward of FCGLIM .;::''i' ~ 
S. If fuel forward of FCGLIM is less than mintmum.!!!! (aee below), 
add fuel to next most forward fuel tank until mintmum fuel load 
is reached 
V.l.3.4 Most Aft LOad Condition 
1. Pilot 
2. All seats ~ of ACGLIM are filled by passengera each weighing 
170 lbs. 
3. If baggage lies ill. of. ACGLIM, all baggage is loaded, otherwise 
none 
4. All fuel tanks aft of ACGLIM are full 
- -
5. If fuel aft of ACGLIM is less than mintmum fuel, add fuel to 
next most aft fuel tanks until minimum fuel load is reached 
V.l.l.5 Design LOad Condition 
1. Pilot 
2. Number of passengers is largest whole number contained in 
WPL/200. Passengers are loaded in forward seats 
3. Baggage is WPL minus number of passengers x 170 
4. Design fuel load contained in wing, tip tanks (if any), and 
fuselage tanks (if any) 
V.l.3.6 Minimum Fuel for Weight and Balance* Condition 
1. Piston engine aircraft: Minimum fuel (lbs) = maximum installed h()I'~3cpower 
2 
*Min fuel for wt. and balance is not necessarily the same as minimum fuel 
for flight. See FAA Advisory Circular AC65-9, p. SO-51. 
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2. Turbine Aircraft. Specified by Manufacturer (no general rule) 
The program currently assume. 20\ of wing 
fuel tank capacity 
V.l.3.7 Maximum Baggage condition 
1. Maximum baggage is assumed to be same a. cle.ign load bagqage 
(see above). Baggage is located by input variable RELB 
V.l.4 Stability and Control (TAIL) 
Subroutine TAIL is a computerized methc40logy used to determine the 
critical longitudinal and lateral stabil:l'.:y and contJ:ol requirements 
governing horizontal and vertical tail sizes of aircraft from two plac9 
trainers to business jets. 
The procedures which were developed reflect the requirements of the 
Federal Aviation Regulations (FAR) and accepted engineering design 
practices. The tail sizing procedures account for the following: 
Horizontal 
(a) Meeting a specified static margin in relation to neutral static 
stability (dem/dCL • 0) 
(b) The ability to rotate the aircraft to takeoff 
rotation speed 
. 
(c) The ability to obtain the maximum lift coefficient of the 
aircraft in the landing confi9U%~~ion in grot'nd effect. 
Vertical 
(a) Static directional stability requirements (weathercock 
stability) 
(b) Minimum control speed requirements for twin-engine aricraft. 
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To best understand the computations in this subroutine ia to first 
review the output fran the subroutine wbic.lh aUl1llllU'izes the important 
tail sizing parameters. Figure V.l.24 is an example of this output. 
The first three lines of print are the parameters that depend on ~e 
particular flight condition for horizontal tail sizing. These are 
cruise, nose-wheel liftoff, and landing flare. The parameters are wing 
angle of attack (ALPHA), wing lift curve slope (WING CLA), tail lift 
curve slope (TAIL CLA), tail efficiency factor (TA~L EFF), downwash 
angle at tail (DOWNWASH), wing lift coefficient (WING CL), and moment 
derivatives (DCM) or moments (OM) for the fuselage, nacelle, flap and 
power effec::ts. The next four lines of print deal with the elevator 
characteristics and effectiveness as identified on the output. The next 
five lines display the critical c.g. limits and the horizontal tail sizes 
required for the different crit~rion. The neutral point, aft and forward 
c.g. limits, and various tail sizes are determined in TAIL. The other 
items have been input or determined in WGHT. The last three lines of 
print are the vertical tail sizing requirements and the required vertical 
• tail area. 
Initially the subroutine contains about 60 COMMON and DATA statements 
that transfer data and storo data for table interpolations. The last 
data statement is important in that it makes the assumption that the 
aerodynamic center of the wing with flaps up (XAC) and flaps extended 
(XACF) is at the quarter chord. The next statement sets up a function 
statement for calculating the lift curve slop~; of the wing or tail 
knowing the aspect ratio, sweep, and Mach number. This is the same 
method that is used in subroutine CLU'T. 
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FIGURE V.l.24 - TAIL SIZING OUTPUT 
V.l.'.l Horizontal Tail Sizing 
After some initialization statements a number of parameters are 
determined for the cruise r~ndition. These are the cruise lift 
coefficient (CLCR), cruise Angle of attack (ALFC) and lift curve slope 
(CLALCR) fram CLIFT, and for propeller aircraft the thrust coefficient, 
THRUST (V.l.131) 
where Po is static pressure and DpROP i8 propeller diameter. Next, is a 
cruise value for tail efficiency, 
(V.1.132) 
where SAH • position of horizontal tail on vertical tail. 
The next portion of TAIL deals with conditions at nOBe-wheel liftoff 
for a speed 8S percent of the stall speed in takeoff configuration. For 
propeller aircraft this includes the thrust coefficient and tail 
efficiency calculations as in the preceding cruise portion. 
The next section determines the "minirnum control speed" and correspond-
ing thrust used in the vertical tail sizing of multi-engined aircraft. 
The "minimum control speed" is an input fraction of the stall speed in 
the takeoff configuration; • 
(V.1.133) 
The corresponding thrust, a8 returned by ENGINE, is used in calcu-' 
lating the thrust with one engine failed 
FNMC • THRUST (ENp - 1.) 
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(V .1.134) 
and for propeller aircraft, thi. 1. UBeeS in defining the thnaat coefficient, 
CTHe , and tail efficiency, ET~, on the next line •• 
If the configuration utilizes turbojet/turt.ofan engines, the next 
section computes the tail efficiency factors for the four flight conditions 
a& a function of the horizontal tail position, SAH. 
The position of the main gear from the aircraft center of gravity 
is determined 
(V.1.l35) 
where XG • distance of main gear from aircraft e.g., ft. 
CXA • location of qear on mac, fraci.:10n of mac 
GCGMAC • aircraft e.g. location on mac, fraction of mac 
The following statements deal with determining stability factors for the 
fuselage, QFUS' and the nacelle, QNAC' or, QN, depending on whether the 
nacelle is on the wing or fuselage. The nacelle factors are ~nly 
determined for multi-engine aircraft. 
For the fuselage and wing mounted nacelles, QFUS and QNAC are determirwd 
from Figure V.l.2S where X4R is the position of the wing root 1/4 chord on 
the fuselage and X4RN is the position of the wing root 1/4 chord on the 
. 
nacelle. These are determined by 
where 
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(V.1.l36) 
(V.1.137) 
(V.1.130) 
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FIGURE V.1.2S - FUSELAGE/NACELLE STABILITY FACTOR (FROM NACA TR711) 
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FIGURE V .1.26 - NACELLE FH,£NESS-RATIO CORRECTION FACTOR 
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.~~- -----,---
(V.l.39) 
CRCLW • wing chord at wing centerline, ft. 
SLM • wing taper ratio 
S • fuselage width, ft. WF 
EL • nacelle length, ft. N 
DS~ a nacelle diameter, ft. 
TSWTE • tho tangent of the wing trailing edge sweep 
If the nacelles are located on the fuselage the stability factor, 
ON' is determined from Fi9'ure V .1.26 as a function of nacelle fineness 
ratio. 
The next parameter determined in TAIL is the downwash gradient at 
the horizontal tail. This is identified a8 DEDAW and is based on an 
empirical method of estimating the downwash gradient behind straight-
tapered winge given in DATCOM. 
CLAEMCRU 1 19 
DEDAW· CL
AO 
4.44 [ PAR PSLK PHT PLAN] • (V.1.140) 
The factors FAR' FSLM' FHT, FLAM are wing aspect ratio, wing taper ratio, 
horizontal-tail-location, and wing sweep factors, respectively, determined 
from 
FAR • l./AR - 1./ (1. + ARl •7) 
FLAM • COS (DLM ) 1/2 C4 
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(V.1.l41) 
(V.1.l42) 
(V.1.l43) 
(V.1.144) 
whe~. AR, SLM' DLMC4 and 8 are wing .spect ~.tio, tape~ ~.tio, 1/4 chord 
sweep, and span, respectively, HT is the height of the tail ~el.tive to 
the wing cho~ plane and E~H is the distance between the 1/4 cho~d of 
the wing mac. and the 1/4 cho~ of the tail mac. The ~atio of the wing 
lift-c~'e slopes of cruise Mach number and ze~o Mach numbe~, 
CLAEMCRu' CLAO' approximates the Madl nwnber effect on the downwash. 
Fuselage and nacelle stability contributions, dCm/dCL, are determined 
in the next few program statements. They are functions of geometry and 
the factors QFUS' QNAC and QN' which were previously determined. ~US 
and DCMNAC are the fuselage and nacelle contributions at cruise. 
~ST and ~CT are the fuselage and nacelle contributions at nose-
wheel liftoff. DC~SL and ~CL are the respective contributions at 
landing conditions. The fuselage and nacelle pitching moments are then 
computed for the liftoff and landing condition. ~UST and ~USL being 
the fuselage pitching moments and C~ACT and ~ACL the nacelle pitching 
moments. 
The next items of importance are the hing'e-moment coefficients and 
the elevator power and effectiveness. The two hinge-moment coefficients 
are, CflALFJ' the "floating tendency", and, CHDELJ' the "restoring 
tendency". They are computed in terms of section parameters CHALF and 
CHDEL from Figure V.l.27 in the following equations 
where 
CHALF J • CHALF CLALFT/CLALTO 
CLALFT • lift curve slope of horizontal tail 
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(V.1.145) 
(V.1.146) 
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CLALTO • lift curve .lope of horizontal tail with 
infinite a.pect ratio 
TAUH • elevator effectivene •• 
The next few line. are concerned with downwa.h angle. at touchdown, 
EGL , and at no.e wheel Uftoff, Ear' which ue proportional to M910 of 
attack at the •• tim.s, ALwGL and ALwar' The stall velocity VSTALL at 
liftoff is then found in ft. per sec., and the dynamic pressure at this 
airspeed is QUE' Subroutine CLIFT returns the Uft coefficient CLW' 
and the lift for nose-wheel liftoff is calculated (FL). 
(V.1.147) 
The moment coefficient at nose-wheel liftoff due to power effects is 
computed in the following lines. This has the form, 
ENP (propeller aircraft) (V.1.148) 
and (V.1. 14'1) 
for propeller and turbojet aircraft, r3spectively. In these equations, 
the terms CTNWLO and FNNWLO are proportional to en9ine thrust at taka-off, 
as were computed earlier in the subroutine. 
Horizontal tail size calculations are ini~iated followin9 the comment 
card "CALCULATION OF THE HORIZONTAl. TAIL SIZE". The tail vol\Dlle 
coefficients and tail areas are determined for the three horizontal 
sizing criterion. The volume coefficients are functions of previously 
determined stability derivatives and geometric parameters. V and SST 
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are the volume coefficient and tail area to eatiefy etatic etability 
and tria cl'itel'ia. "No is the neutral point and XCGAr1' and XCGnm the 
allowable C.9. travel l~it.. VG and STO al'e the volume coefficient and 
t&il area to meet nose-wheel liftoff criterion. VGX and STX are for the 
stability and liftoff cl'itel'ia. The most critical of the three criterion 
is determined next and the required hOl'izontal tail area, span, and 
moment arm 41'e computed 4S 
(V.l.iSO) 
(V .1.151) 
ELTH • ELH + (XCGAFT - .25) CBAI\, (V.1.152) 
V.i.4.2 Vertic~l Tail Sizing 
The vertical tail is sized to meet a directional stability require-
ment and in the case of multi-engine aircraft the "engine out" control 
requirement. Basically, the specifications for single-engine airplanes 
state th~t the directional stability criterion, dCn , sh~uld be negative 
CiT 
(stable)for any anticipated speed greater than 1.2 times the stalling 
speed. In addition, the yawing manent control, usually the rudder, must 
. 
be powerful enough to counteract the yawing moments encountered in various 
aspects of flight operations such as cross-wind takeoffs or landings. 
These requirements apply also to multi-engine airplanes, with the 
additional requirement that the rudder must be powerful enough to regain 
and maintain straight flight with one engine inoperative at a minimum 
speed not greater than 1.2 times the stalling speed. The minimum speed dt 
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which eftCJine-out control can be maintained i.. known .a the "II1nJaum 
control speed", V , and tile requirement that it be less than 1.2 times 
mc 
the stall speed is the major design factor in dete~inin9 the vertical 
tail and rudder size. Thus, in preltminary design calculations for the 
vertical tail, we are faced with a directional s~4bility problem for 
lignt 9in~le-engine airplanes, and a directional control problem for 
multi-engine airplanes. 
The vertical tail sizing canputations beqin at the coaanent. "VERTICAL 
TAIL SIZING" in subroutine TAIL. The contribution of the various air-
~raft components, wing, fuselage, power, et'.:., to the directional 
stability of the aircraft are the first calculations. 
The wing contribution to directional stability is in many cases 
negligible. The small contribution of the swept wing is estimated by 
CNPWNG - - 0.00006 DLMC4l/2 (V.1.IS) 
The fuselage contribution to directional stability is CNPrus' which 
is a function of several parameters, as indicated in Figure V.I.28. The 
tail cone and nose cone approximations ~:o the fuselage geometry are UlJed 
to derive the equation for projected fuselage side area, Ss' and the 
fuselage contribution to t~e directional stability derivative is 
1/2 CNPFUS = (.96 QB/57 •3) (Ss/Sw} (ELF/B) (DFl/DF2 ' 
1/3 (DF2/DF1) 
(V .1.154) 
where QB is determined from Figure V.l.29, and DFL and DF2 are fuselage 
diameters at the quarter and three-quarter body length points, 
respectively. 
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"'r~-- E .... C --~ 
FIGURE V.l.28 - FUSELAGE GEOMETRY 
ELCG/EL, 
FIGURE V.1. 29 - FUSELAGE DIRECTIONAL STABILITY COEFFICIEN'r 
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The wing-fuselage interference stability increment, which i. 
computed next, depends on the wing location, "wING' 
DLICNP • 0.0002 HWING 
where K • 1 for High wing 
--WING 
• 0 for. Low wing 
The next directional stability parameter computed is the one 
eccounting for power effe~ts. This is identified as CNPp and is set to 
zero for turbojet/turbofan configurations (NTYE • 7). For propeller 
aircraft the first item computed is the longitudinal distance from 
propeller disc to center of mass, which is denoted by ELp' This term 
is equal to ELCG for single engine aircraft, since this measures the 
center of gravity aft of the aircraft nose. For twin engine aircraft, 
it is more complex, and is gi"en by 
(V.1.151,) 
- EGMRGN • CBARw + EL~2. 
The sideforce stabilit~ derivative caused by windmilling propellers 
is implied by the number of blades, BL, and the derivative is named 
OCY1t-'op. S!r.lilarly, the windmilling propeller's contribution to the 
directional stability derivative is CNPpO ' a function of propelle~ geometry 
and location, and ~f wing span and area; i.e., 
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(V.1.157) 
The full-power value of this derivative ie .~ly e.ttm&t04 by increasing 
the win4milling value by fifty percent, 
(V.1.15U) 
The vertical tail moment arm from the aircraft center of gravity is 
computed as 
ELv • ELH - DELTVH (V.1.1S9) 
where ELH is the horizontal tail moment arm from the aircraft center ~, 
gravity and DELTVH is the distance between the vextical and horizontal 
tails aerodynamic centers. 
Anott.er interference correction for directional stability calculations 
is the one that arises from the siuewash or interference from the wing-
fuselage combination on the vertical tail. This is identified ~s DL2
cNP 
and is determined from Figure V.l.30. 
The Uft-,,"lrVe slope of the vertical tail, C~, is determined from 
Fiql1re V.1.3l and the "effective" aspect ratio, ARvrE' of the vertical tail. 
The lateral distance from centerline to engine tnrust line is then 
calculated, for use in determining yawing moment due to engine failure. 
This is denoted Y, and it is qiven in terms of a percent semi-span Yp 
or nacelle diameter DB~ and maximum fuselage width SWF. The yawing 
moment coe!,ficient caused by an ilsynunetric enqine arranqement has either 
of two forms, depending on the propulsion type, i.e., i~r propeller aircraft, 
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(V.1.160) 
+.0006 
.. ('00 • 
.. (lCu: 
NB 
0 
-
-.tX .. ~ ~ 
a 
-.Of')(.; • . -
",(Jii()..tJ 
oJ .J .. •• •• 10 
D/SWF 
FIGURE V.l.30 - INTERFERENCE CORRECTION TO C 
n 
.Ol,...,...~_ ......... _..-.. 
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EFFECTIVE ASPECT RATIO VERTICAL TAIL 
ARvrE 
FIGURE V.l.ll - SLOPE OF LIFT CURVE, VERTICAL TAIL. FROM 
NACA TN 755 "ANALYSIS OF WIND TUNNEL DATA ON 
DIRECTIONAL STABILITY AND CONTROL" H. R. PASS 
V-l 
82 
- , 
while for turbojet or turbofan aircraft, 
(V.1.161) 
The next qroup of calculations determine the vertical tail areas 
required for the two vertical tail sizinq criterion. sos is the tail 
area required to satisfy the directional stability, CNPAC ' required for 
the aircraft. sVT2 is the tail area required to meet the engino-out 
requirement for multi-engine aircraft. 
(CNPWNG + C~PFUS + CNPp + OLlCNP + OL2CNP - CNPAC) SwB 
CLALFV E~ ETAvc (V.1.1('2) 
s. CNP Sw B 
VT2 C~ L\wc~~T~A';"U-V-E-tv--ET-A-M-C (V.1.1&3) 
where TAUV • the vertical tail effectiveness 
O~ • maximum rudder deflection, deg 
and all other variables have been previously defined. The most 
critical of the two criterion is determined if it is a multi-engine 
aircraft and then the span and moment arms are computed for the vertical 
tail. 
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(V. 1. 164) 
(V.1..1G';) 
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V.2 WEIGHT MODEL USER'S MANUAL 
After the aircraft geometric characteriatica have been eatablished, 
the component weights and balance characteria~ica are 4ete~ned by 
atraightforward methods. These methods require the use of many descrip-
tive input parameters which are geometrical, inittal or operational in 
nature, and which serve to describe the aircraft mass and its distri-
bution in certain critical operational configurations. 
The subroutine WGHT, ENGWGT, DLOAD and TAIL, subroutines have 
input-output quantities as defined on the followi 9 pages. It will be 
noted that WGHr and TAIL have many more inpu' uLput parameters than 
most other subroutines, because of the relatively high level of detail 
required in the weight model analysis. 
Input-output quantities for subroutine WAIT are in Volume IV--
Propulsion. 
. 
\ 
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PlGURE V. 2.1 SUBROUTINE DLOAD, INPUT 
VARIABLE DESCRIPTION 
CATD o to 3, aircraft category indicator 
CBARW wing mean aerodynamic chord, ft. 
CLALPH lift curve slope, per rad 
VMLSFL maximum sea level flight velocity, mi. per In. 
was wing loading, lb. per sq. ft. 
-----~ ______ J 
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FIGURE V.2.2 SUBROtn'INE DLOAD, OUTPUT 
VARIABLE DESCRIPTION 
EMU' maneuver load factor, 9'8 
EMMO maximum aliowable operating Mach number 
GLF gust load factor, ~'8 
ULF ultimate load factor, g'8 
VDMIN minimum design dive speed, ktlf. equivalent airspeed 
VMO maximum operating velocity, kts. equivalent airspeed 
FIGURE V. 2.3 SUBROUTINE ENGWG'l', INPUT 
VARIABLE DESCRIPTION 
AE 
Ai' 
ANAC 
BL 
DPRDP 
EMeRa 
ENP 
FPYL 
GRATIO 
tlPMSLS 
KSPCHG 
NCYL 
NTYEX 
NTYPX 
RPM 
SFNSLS 
SKDIM 
SKWGT 
UWNAC 
WASLS 
XLQDE 
enginp. exhaust area, sq. ft. 
propeller activity factor, per blade 
wetted area of nacelle, sq. ft. 
number of propeller blades 
propeller diameter, ft. 
cruise Mach number 
number of engines 
pylon weight factor 
gear ratio 
sea level static horsepower 
o or 1 to indicate engine turbocharging 
number of cylinders 
1 to 14 engine flag 
1 to 16 propeller flag 
engine rpm 
engine specific thrust at sea level 
angine sizing factor 
engine weight factor 
weight per unit area of nacelle, lb. per ~q. ft. 
~ea level static airflow 
length to diameter ratio of nacelle 
V-2 
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VARIABLE 
SWSLS 
WENG 
WAC 
WPROPI 
WPYLON 
WTGB 
',' 
~, 
rlGUU V. 2.4 SUBROtn'INE ENGWGT, OUTPUT 
DESCRIPTION 
engine specific weight, 
engine weight, lb. 
nacelle weight, lb. 
propeller weight, lb. 
pylon weight, lb. 
weight of gear box, lb. 
. 
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lb./lb. thrust or lb./SIIP 
VARIABLE 
ALPHLO 
AR 
ARHT 
ARVT 
B 
BL 
8MLOD 
CBARW 
CLMXLD 
CLMXTO 
CMFLPL 
CMFLPT 
CMPLD 
CRCLW 
CROOTW 
CXA 
OBARN 
OELXCG 
OEMAX 
OLMC4 
OPROP 
ORMA)( 
-. 
.4 
FlGUR.! v. 2.5 SUBAOt11'INE TAIL, It4PUT 
DESCRIPTION 
zero lift angle of attack, deg 
aspect ratio of wing 
a8~ect ratio of horizontal tail 
aspect ratio of vertical tail 
wing span, ft. 
number of propeller blade. 
fineness ratio of tail boom 
mean aerodynamic chord of wing, ft. 
maximum lift coefficient, landing configuration 
maximum lift coefficient, take-off configuration 
pitching moment dl1e to flaps, landing configuration 
pitching moment due to flaps, take-off configuration 
pitching moment due to power, landing configuration 
wing chord at fuselage enterline, ft. 
root chord of wing, ft. 
horizontal displacement of main landing gear wheel, 
percent mac 
mean nacelle diameter, ft. 
center of gravity range, percent mac 
ma.ximum trailing-edge-up elevator deflection, deg 
sweep back of wing quarter chord, deg 
propeller diameter, ft. 
maximum rudder deflection, deg 
V-2 
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PIG'.JRB V. 2.5 SUBROUTINE TAlL INPUT (Contlnue4) 
VARIABLE DESCRIPTION 
DWPQCH sweep of quarter chord of horizontal tail, deg 
EGMRGN engine c.g. relative to leading edge mac, ft. 
ELBM length of tail boom, ft. 
ELCG distance from aircraft nose to aircraft c.g., ft. 
ELC4W position on fuselage centerline of wing quarter chord, ft. 
ELF. length of fuselage, ft. 
ELODN length to diameter ratio of fuselage nose cone 
ELODT length to diameter ratio of fuselage tail cone 
E1.PC length of pilot compartment, ft. 
ELTH distance from wing ftC to horizontal tail ac, ft. 
ELTV distance from wing ac to vertical tail ac, ft. 
EMCRU cruise Mach number 
ENP number of eng il'les 
EYET incidence angle of ~il, deg 
E'iEW incidence angle of wing, deg 
GCGMAC position of aircraft c.g. in percent mac 
HC main cabin height, ft. 
HCK cockpit windshield height, ft. 
HN nose c:one diameter, ft. 
HNCRU cruhe altitude, ft. 
HWING wing location parameter 
KCONFG type :")f fuselage indicator 
KNAC nacelle drag accounting indicator 
.. ------.. --_______________________ r______ .~ 
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FIGURE V .2.5 SUBROUTINE TAIL INPUT (Cofttiftu.t, 
VARIABLE DESCRIPTION 
KWRl'l'E 
LC 
NTYE 
RELP 
RH 
RV 
RVMCS 
SAH 
SLM 
STATIC 
SW 
SWF 
'fP 
UM 
\~G 
WGS 
XLN 
XLQOE 
XMAC 
output indicator 
length of fuselage cabin, ft. 
engine type indicator 
fuselAge-mounted engine location, fraction of fuaelagc 
length 
ratio of eleVAtor chore to horizontal tail chord 
ratio of rudder chord to vertical tail chord 
ratio of minimum control speed to takeoff stall speed 
horizontal tail location on vertical tail 
taper ratio of wing 
static margin, fraction mac 
wing area, sq. ft. 
maxunum fuselage width, ft. 
vertical distance e.g. to thrust line, positive downward, 
ft. 
coefficient of rolling friction of aircraft on dry rUIIW<I',' 
aircraft qross weight, lb. 
wing loading, lb. per sq. ft. 
, 
length of nacelle, ft. 
I.'atio of nac ... 11e length to diameter 
location of.ling leading edge of mac, aft trom wing 
ccnterline leadinq cdge, ft. 
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FIGURE v. 2.5 SUBROUTINE TAIL INPUT (COncluded) 
VARIABLE 
YP 
DESCRIPTION 
spallwisc location from wing contorlino chord to winq 
mac chord 
spanwise engine locationa on wing/wing.pan 
V-2 
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VARIABLE 
AI.FC 
AIW'l'E 
bUT 
BVT 
CllALF 
ClmEL 
CLALPH 
CMFVST 
CMNACT 
CNPAC 
OCMCLP 
ELN 
EM 
tI 
SliT 
SVT 
TAW 
VSTALL 
XCGAFT 
XCGFWD 
ZCG 
FIGURE v. 2.6 SUBROUTINE TAIL, OUTPUT 
DESCRIPTION 
cruise angle of attack, dog 
effective aspect ratio of vortical tAil 
horizontal tail span, ft. 
vortical tail span, ft. 
section hinge moment gradient with angle-of-attAck 
soction hinge momont gradient with deflection 
aircraft lift curve slope, per rad 
pitching moment duo to fuselage, take-off canfiguration 
pitching moment due to each nacelle, take-off 
configuration 
aircraft dirt:ctional stability; yaw moment due to 
yaw an(jle 
stability contribution of propulsion unit 
overall length of n~celle, ft. 
Mach nwnber 
altitude, ft. 
horizontal tail area, sq. ft. 
vertical tail area, sq. ft. 
vertical tail control surface effectiveness factor 
aircraft stall speed, knots 
extreme aft c.g. position, perc~nt mac 
extreme forward c.g. position, percent mac 
vertical displacement of c.g. above runway at nosewh('f'l 
liftoff, ft. 
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VARIABLE 
AR 
ARliT 
ARVT 
ATMXQC 
B 
BHT 
BVT 
CATD 
CBARW 
CKl-2l 
CPMRGN 
OELP 
OELWFC 
OELWST 
OLMC4 
f"WPQCH 
DWPQCV 
EGMRGN 
ELBM 
ELF 
ELFFC 
ELINC 
ELODN 
PIGURE V. 2.7 SUBROUTINE WGHT, INPUT 
DESCRIPTION 
wing aspect ratio 
horizontal tail aspect ratio 
vertical tail aspect ratio 
maximum tip tank length, divided by wing tip chord 
wing span, ft. 
horizontal tail span, ft. 
vertical tail span, ft. 
1 to 3, specifies structural design criteria 
mean aerodynamic chord of wing, ft. 
wing scale factors, nominally unity 
distance from wing c.g. to aircraft c.g., divided by COAl •. 
fuselage cabin pressure differential, lb. per sq. in. 
incremental weight input to flight control system 
incremental structural weight input 
wing quarter chord sweep, deg 
horizontal tail quarter chord sweep, deg 
vertical tail quarter chord sweep, deg 
location nacelle c.g. aft of mac leading edge, divided 
by CBARW 
tail boom length, ft. 
fuselage length, ft. 
cabin length for tail boom fuselage, ft. 
distance from vertical tail LE to horizontal tail LE, ft. 
length to diameter ratio of nose cone 
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rIGURE V. 2.7 SUBROUTINE WGHT INPW (Cc:it1ftue4) 
VARIABLE DESCRIPTION 
ELPC 
ELRW 
EMCRU 
EMLF 
EMMO 
ENP 
GLF 
HN 
HCRU 
HPMSLS 
KNAC 
LDCKMX 
NTYE 
NTYP 
PAX 
RELP 
RELR 
SAD 
SAH 
SF 
length of pilot's compartment, ft. 
length of pylon attachmunt for fuselage mounted engine~ 
cruise Mach number 
maximum manuver load factor, g'. 
maximum operating Mach number 
number of engines 
maximum gust load factor, g's 
altitude, ft. 
cruise altitude, ft. 
maximum sea level static horsepower 
- 0, nacelle drag not included in aircraft drag 
- 1 or 2, nacelle drag included in aircraft drag 
maximum allowable tip tank fineness ratio 
1 to 14; type of engine, see ENGWGT 
1 to 16; type of propeller, see ENGWGT 
number of passengers 
location of propulsion on fuselage, fraction of 
fuselage length 
location of c.g. of fuselage and contents, fraction 
of fuselage length 
seats ~reast in fuselage 
horizontal tail location on vertical tail 
surface area of fuselage 
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FIGURE v. 2.7 SUBROUTINE WGH'l' INPUT (Continued) 
VARIABLE DESCRIPTION 
SHT 
SKB-SKZ 
SLM 
SLMH 
SLMV 
STMRGN 
STRUT 
SVT 
SW 
SWF 
TCHT 
TCR 
TCT 
TCV'l' 
ULF 
UWPAX 
VBARH 
VBARV 
VDMIN 
VMLFSL 
VMO 
WENG 
WFA 
horizontal tail area, sq. ft. 
weight ~oefficients of aircraft componentm 
taper ratio of wing 
taper ratio of horizontal tail 
taper ratio of vertical tail 
aircraft c.g. location relative to mac quarter chord 
wing strut attachment point, fraction of scmispan 
vertical tail area, sq. ft. 
wing area, sq. ft. 
fuselage width, ft. 
thickness to chord ratio, hori::ontal tail 
thickness to chord ratio, wing root 
thickness to chord ratio, wing tip 
thickness to chord ratio, vertical taU 
ultimate load factor, g'e 
weight per passenger, lb. 
volume coefficient, horizontal tail 
volume coefficient, vertical tail 
.. 
minimum design dive speed, knots EAS 
maximum level flight velocity of sea level, mph 
maximum allowable operating airspeed, knots EAS 
engine weight, lb. 
weight of fuel available 
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rlGURE V. 2.7 SUBROtn'INE WGH'l' INPUT (COncluded). 
VARIABLE DESCRIPTION 
WPUL 
WG 
WGS 
WHLDEV 
WNAC 
WPROPl 
WPYLON 
WTGB 
KARBM 
YMG 
YP 
fixed useful load weight, lb. 
gross weight, lb. 
wing loading, lb. per sq. ft. 
weight of high lift devices, lb. 
nacelle weight, lb. 
propeller weight, lb. 
engine pylon weight, lb. 
weight of engine gearbox 
cross-sectional area of tail boom 
main gear location on wing, fraction of semispan 
engine location on wing, fraction of semispan 
" 
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VARIABLE 
AXIS 
BUT 
BVT 
aXIS 
CBARHT 
CBARVT 
CLALPH 
ELTH, ELTV 
EM 
H 
OWE 
SHT 
STIP 
SVT 
tJT-;pAX 
VFTP 
VFTPMN 
VFTPMX 
W 
WB 
wee 
weFW 
WEP 
FIGURE V. 2 • 8 SUBROUTINE WGHT, OUTPUT 
DESCRIPTION 
length of tip tank, ft. 
horizontal tail span, ft. 
vertical tail span, ft. 
diameter of tip tank, ft. 
mac of horizontal tail, ft. 
mac of vertical tail, ft. 
aircraft lift curve slope, per rad 
moment arms of horizontal and vortical 
Mach nwnber 
altitude, ft. 
operating weight empty, lb. 
horizontal tail area, sq. ft. 
wetted tip tank area, sq. ft. 
vertical tail arl'!a, sq. ft. 
weight of one passenger, lb 
tip tank fuel volume, cu. ft. 
mintmum tip tank fuel volume, cu. f~. 
maximum tip tank fuel volume, cu. ft. 
, 
weight of aircraft, lb. 
fuselage weight, lb. 
cockpit controls weight, lb. 
fixed wing controls weight, lb. 
total engine weight, lb. 
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FIGURS V.2.8 SUBROU'l'IN£ wcnrr OUPUT CConclude4) 
VARIABLE 
WFADES 
WFAMAX 
WFAMIN 
WFC 
WFE 
WFSS 
WFTP 
WFW 
WHT 
WLG 
WP 
WPEI 
WPES 
WPL 
WSAS 
WST 
WTIP 
WVT 
ww 
DESCRIPTION 
design value of fuel weight, lb. 
maximum value of fuel weight, lb. 
min1mum value of fuel weight, lb. 
flight control system weight, lb. 
fixed equipment weight, lb. 
fuel system weight, lb. 
tip tank fuel wejght, lb. 
wing fuel weight, lb. 
horizontal tail weight, lb. 
landing gear weight, lb. 
propulsion group weight, lb. 
primary engine installation weight, lb. 
primary engine section weight (pylon, nacelle, etc.) lh. 
payload weight, lb. 
stability augmentation system weight, lb. 
structure weight, lb. 
tip tank weight, lb. 
vertical tail weight, lb. 
wing weig"nt, lb. 
V-2 
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rIGUR! V.2.9 INPUT-SUBROUTIHI HOPNSZ 
VARIABLE DESCRIPTION 
t-.......... ~ ....... ~~, .......... ~ .......................... i
AJIPSL (1) 
AJIPSLX (1) 
ASWN (1) 
ASWSC (1) 
BMEP 
flPMSLS 
IIPQAB 
KSPCHG 
NCYL 
NTYE 
RWH 
SKWOTH 
SKWGT 
XNMAX 
array of sea level Gtati;;: hnt"c'if'Ower., non8uperchal'1cd 
enginel 
array of oeal level Itatic horlepowera, auperchargud 
enginel 
array, normalized apecific engine weight, lb. per HP 
array of specific weight increments of engine due to 
supercharger 
brake mean effective pres8ure, lb. per sq. in. 
maximum horsepower, .ea level ltandard condition., HP 
horsepower per unit baae area, HP per sq. in. 
~, engine does not'have supercharger 
1, engine has supercharger 
number of cylinders in engine (4 to 8) 
engine type (11, 12 or 13) 
ratio of width to height of piston engine 
multiplier for engine width 
multiplier for engine weight 
maximum engine speed, rpn 
\ 
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VARIABLE 
AAAC 
B 
SWSLS 
XLN 
FIGURE V.2.l0 OUTPUT-SUBROUTINE HOPWSZ 
DESCRIPTION 
nacelle surface area, sq. ft. 
multiplier function of NCYL 
specific weight of engine 
length of engine nacelle, 
.. 
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(s'la level 
ft. 
static) lb. per tiP 
VARIABLE 
AlIPSL (1) 
AHPSLX (1) 
AROTN (1) 
ASWSC (1) 
ASW75 (1) 
ASW80 (~.) 
GR 
HPMSLS 
I DATE 
KSPCHG 
NTYE 
ROTN 
SKDIAM 
SKWGT 
SWSLS 
PIGURE V. 2.11 INPU'l'-SUBROUTINB RCWS? 
v ... 
DESCRIPTION 
array of sea level static horsepowers, nonsuperchilnwd 
engines 
array ~f Bea level atatic horaepowera, &~percharged 
engines 
array of number of rotors 
array of specific weight incrementa of engine due to 
supercharger 
array of specific weights, 1975 technology 
array of specific weights, 1580 technology 
gear ratio 
maximum sea level static horsepower 
estimated technology date 
0, engine has no s"perchuger 
1, engine has supercharger 
engine type (14) 
nwnber of rotors 
multiplier for engine diame~er 
multiplier for engine weight 
specific weight of engine (sea-level static), lb. per Ill' 
, 
I 
____ ~ ____ ~ ______ ~ _____ J 
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FIGURE V.2.l2 OUTPUT-SUBROUTINE RCWSZ. 
VARIABLE DESCRIPTION 
ANAC nacelle surf.;lce area, sq. ft .• 
GR gear rat!, 
SWSLS specific weight of engine (sea-level static), lb. per HP 
XLN length of engine nacelle, ft. 
ma~imum engine rpm 
\ 
............... l ................................................ ~~ 
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No Input or Output riCJUl'e8 for HOPWSZ or RCWSZ in thi. volwne or ttw 
propulsion volume. 
V-2 
21 
GASP- GENERAL AVIATION SYNTHESIS PROGRAM 
VOLUME V - WEIGHT 
PAIT 3 - PROGRAMMER'S ~AL 
JANUARY 1978 
Prepared for 
NATIONAL AERONAUtICS AND SPACE ADMINISTRATION Am.. Re.earch Center 
Moffett Field, California 
Under 
CONTRACT HAS 2-9352 
AEROPHYSICS RESEARCH CORPORATION 
V.3 WEIGHT MODE!. PROGRAMMER' S MANUAL 
As shown in the flow charta on the following page., .ubroutine WGfIT 
involves several minor iterative loops and computational sequences 
associated with variati)j. I. + the aircraft geometry. The fuel weight 
(wing and tip tanks' and t.hd engine siz;ing loops are interior to the 
tail area loop, and all of these three n~jor loops must converge before 
the component weights and wing location are fixed. 
The fl.ow charts are given for the aircraft structure weights 
routines WGHT, DLOAD, ENGWGT and TAIL. It may be noted that the input 
to WGHT includes over 70 lengths, angles, and weights which are descrip-
tive of the aircraft geometry and size. In addition, aerodynamic data 
is required by TAIL, which requires some 85 input parameters, while 
the other two programs are relatively short. propulsion system weights 
are computed by the routines ENGWGT, H.OPWSZ, RCWSZ and WAIT. 
----.----'~---- .... --' "-> 
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V.3.l Structural Wei9ht 
V.3.l.l Subroutine WGHT, Structural Weight and Wing Po.itioning 
Routine 
Thi. routine controls the calculation of aircraft .tructural weight 
and the winq positioninq calculation. Routines called~e DLOAD for 
desiqn load ratios, TAIL for tail sizinq based on lonqitudinal and 
directional stability requirements, CTAER for cruise aerodynamics 
(described in Volume III), and finally a call to ENGWGT passes program 
control to propulsion system sizinq. 
V-3 
2 
3 
f 
-L'4~'~", , . ..'7~,_ ..... ".". 
WGIfT 
OELWST-O. 
WTIP-O. 
WFTP·O. 
WFW·O. 
FVELD-6.687 
• < > ( NTVE ~ -4 or -11 FVEO-6.1 J 
~ 
NLWGtIT=1 
SWPQCH=DWPQCH*.OI74S3 
SWPQCV=DWPACV*.OI74S3 
RLMC4"OlMC4*.0174S3 
~ 
CALL OLOAO(vr-ILFSL. WGS .CATD • CLALPH,CBARW ,VDMIN. VLF .Gl.F, HILI. \ "0, HU>IO)j 
-. ( WFE """\ =0 WFE=61. 75*SEATS**2. -352. S·SF.\1 s. ' ;.;.) 1 
Y 
( WPL ""\ =0 ~rL=lIWI)AX*PAX 1 
.I 
.1 
• WPLOES=WPL I WP lJ.tAX = UWP AX * PAX 
• ~WPLDES "'\ 
'WPOOX=WPLOES I WI'lJ.tAX .. 
.J 
~ i 
• WHvr.HN=WFW 
WEP=WENG*ENP 
WPROP=ENP*WPROPI 
WPES=CWNAC+WPYLON)*ENP 
WPEl=SKPEl*WEP 
WPSTAR=CKS *,WEP+CK7*WPE I +WPROP+WTGB*ENP 
t 
( "'\ ~O WPES J WPES=SKPES*WEP 1 J 
f -
WLG=SKLG*WG 
WMG=S~IG*WLG 
CGN-1t-tA= (SW/I000. ) **1. 25* (1. +VLF*WG/ (200. *SW)) * C. 01* AR/TCIt j • q 
*C1.+ABS(SIN(RLMC4)))**.54*(.S4*(1.+.2*SLM)*(TCH/ Il'I\'·.1 
WC=O. 
WCMIN=O. 
YC=O. 
TSWVLE=(l.-SLMV)/(l.+SLMV)/ARVT+TAN(SWPQCV) 
CRCLVT=2.*SVT/BVT/(1.+SLMV) 
XVMAC=BVT*TSWVLE*(I.+2.*SLMV)/3./(1.+SLMV) 
ELWING=ELF-ELTV-CRCLVT+XVMAX+.2S*CBARVT+CPMRGN*CBARW 
LCONT=O 
t 
FIGURE V.3rl DETAILED FLOW CHART SUBROUTINE WGHT V-I J 
f
t .. ' i ..' t 
';. 
~ l 
, WGHT 2 
4 FH-WG*SKY*EL BHT KTL 1.+ * 10 0 O. I.+SI.r.UI)) 
FV.WG*SKZ*(P.LF+B)*BVT*(I.+2.*SLMV)/(1000000.*(I.+SI~)} 
FV-FV!2. 
WHT=350. * (Slrr*FH*ALOGI0(VDMIN)* (1. +SIJ.II)/ (200. *ELTII*TCtlT*CII \HIIT) '*.54 
13.-..... ----1 
=.) 
/(200.*ELTV*TCVT*CBARVT»**.54 
'~R=2. • (yr* (WEP+WEP I +WPES+WPROP) +WMG+WCMIN*YC) 
99 ....... ----:t. 
TSWC2=TAN (RLMC4) - (1. -SLM) / (1. +SLM) / AR 
SWC2=ATAN (TSWC2) 
CSWC2=COS(SWC2) 
BSTI{= B/CSWC2 
SKNO;1.+2.S/SQRT(BSTR) 
SKSTR=I.-STRUT*STRUT 
SKGEAR=I.0 
KGEAR=0.95 
ENP =2 or 3 
ENP =4 
SKEPOS· • <)~ 
SKLI'OS' (). 'j', 
ENP I-..... _ ......... -i SKEPOS",. ~l:, I 
ENP =4 1-..;:..--.... --1 SKU'()S 'If ' 
FOO=(SKSTR*lJLF*(WG-.8*WW1»**.7S7 
.......... ~ WWO= (SKWW*SKNO*SKEPOS*SKGEAR*FOO*B**I. 049* (1. +SLM) 
-
**.4)/(lOOOOOO.*TCR**.4*CSWC2**1.53S) 
WW=WWO+WIILDEV 
V-3 
4 
WGHT 3 
< 
€BS (01-0) /O~I ____ ·_· __ OO __ S ..... __ 
• L!WW~I~=~WW~·~=~-,,14S ~l~'~~~~~----~l~ WM=VP/(YP+.OOl)*(WEP+WPEI+WPES+WPROP)+WMG*YMG/ 
(YMG+. 001) +WCMIN*YC? (YC+. 001) ~ 
WX=WG-WW-WFWMIN-WM ! 
WBOOr.I=SK8M*ELBM*SQRT (XARBM) *WG/l 000. , 
WB=SKB*«WX/IOOOO.)**.7*(SF/1000.)*SWF*(ELFFC+ELRW)**.S*AIIH;IO I 
(VDr.lIN) * (DELI'+I.) **2. *UlF**. 3) **. S08+WBOOM ~ 
WST=CK8*WW+CK9*WIIT+CKl O*WVT+CKll *WB+CKI2*WLG+CK14*WPUS+III:!.I'S I'+WTI r 
Q[)[V .. (I. IS *VOr.UN) ** 2/ 391. 
WSCX=SKfW*SW**.317*(WG/IOOO.)**.602*ULF**.S2S*QDIV**.34S 
WCC=SKCC*(WG/I000.)**.41 
WCfW=WSCX-WCC 
WSAS=SKSAS 
WFC=CK1S*WCC+CKI8*WCFW+CK19*WSAS+DELWFC 
WFADES= (WG-WPSTAR-WST-WfC-WFE-WFUL-WPLDES)/ (1. +CK21 *SKFS*('. (IX7 /FIJEO) 
/(1.+CK21*SKFS*6.687/FUELO) 
WFSS=CK21*(6.687/FUELD)*SKFS*WFAOES 
WP=WI'STAR+WFSS 
WFA=WG- WPSl'AI~-WST - WFC - WFE- WFUL- WPL-WFSS 
WF ~II N=WG-WPSTAR-WST -WFC-WFE-WFU .. -WPLMAX-WPSS 
WFADES=WFA 
WFAMAX=WFADES 
~ 
( ""\ JI 0 t ~ 
( 
( 
( 
IWT 
.J 60 
~ 
WfEST=WFW 
TC= «TCR-SWF/B* (TCR-TCT» * (1. -SWF/B* (1. -SU.1) 
+SLM*TCT) / (1. +SLM-SWP / B (1. -SLM» 
FVOLW= (SKWP*. 888889*TC* (SW**l. S) * (2. *SLM+l.» / «AR**. 5)" ( (SLM+ 1.) **2.» 
• WFM>IX=WFW 
WFXTRA=O. 
t 
WFA ""\ <WPW 
.J • WFW=WPA I 
, 
WFAMIN ""\ <WFWMIN ~ I WFWMIN=WFAMIN I 
, 
~WFWMIN 1\,FAM1N 
" 
.J .----..... --1: WF AM I N=WFM>lI N I 
t 
WFlIJt.IIN=WFW 
WF XTRA= WF A~I I N - WFW 
+ V-3 
5 
~fo~ _______ • _________ ·• __________________ ~ _____ • ________ U'~-~ __ ~--~.---
, 
.,;; , 
I, ( 
I 
I ~ 
I 
I 
I • 
, . 
WGHT 
~10 1-----..._--\.99 
+ 
"'-..... _-1 W2-WfCST 
A2-WFW 
WFW-(A2*WI-Al*W2)/(Wl-Al-W2 t \2) 
LCls2 
~WFWMX 
-99 
WTJ'T=WFTP 
WFTP=WFAOES-WfWMX 
'-~----'---~62 
CIIR=3. *CBARW/ (2. * (1. +SLM- (SLM/ (1. +SLM»» 
CUT=SLM*CIIR 
AX~tAX = ATMXQC * CHT 
A~tIN=CHT 
BXMIN=TCT*CHT 
BXMAX=AXMAX/LDCKMX 
VFTPMN=SKFT*l. 046* AXMIN*BXMIN**2. 
VFTP~tX=SKFT*l. 046*AXMAX*BXMAX 
~VFTPMN '-~~~~----~80 
V-3 
6 
. 
Iie"",."", .. _ 
WGKI' 
IBXlS-S( RT(.9S6*VFTP/(AXIS*SKFT»)1 
t 
( BXlS 
"" 
>BXMAX 
~ 
~ 
LDCK=AXlS,8XIS I 
t ~ (LDCKMX-l.) and ~LDCKMX ( (.DC I( ""\ J 
+ ( BXlS 
"" 
~l\XMIN 
-1 
• ( AXIS "'\ >ANMAX 
.I 
I AXIS=AXIS+.25 I 
~ 
AX 1 S= AXt-IAX 
BXIS=SQRT(.956*VFTP/(AXIS*SKFT)) 
BX I S= BX~tI\X I 
~ 
( VFTP "\ <VFTPMX 1 
t 
VFTP=VFTPt-tX 
AX I S= A Xt-tA X 
WFTP=FUELO·7.48052*VFTP 
LCl=99 
~ __ ~ ___ ..J 
J 
AX 15=. 95b*V.FTP / (SKFT* BX 1 S* * 2. ) 
XAXlS=AXlS 
AXIS=AXIS+.25 
+ ( AXIS 
"" 
<A~tAX ~ ® ~ 
(AXIS=Xi\XIS I 
~ 4 
BXIS-=BXt-UN . J 
AXIS=.95b·VFTP/(SKFT*8XIS*~Z. 
+ 
V-3 
7 
s 
~ 
;J 
(),." . 
'<I. .. , • 
V'l Of' ,I P, - 'I 
Wt.J 
I 
30 
WGtrr 6 
EXIS-SQRTCAXIS**2.-BXIS**2.)/AXIS 
STIP-2.*Cl.S7*BXIS**2.+1.S7*AXIS*BXIS 
ARSIN(EXIS)/EXIS)-2.*3.14*AXMIN*BXMIN/4. 
WTIP·SKWTP*STIP 
WC-WTIP+WFTP 
WCMIN-WC 
~ 
( WFXTRA 
"" 
<WFTP WCMIN-WTIP+WFTRAI 
..I 
-
• In> l. () I 
( 
~ 
IWT-l "" J WI-W2 
~ AI-A2 T W!=WTI' 
Al=WFTP W2=WITI' 
1"'1'-1 A2=WFTP 
<h 
WFTP-(A2*WI-Al*W2)/(WI-Al-W2+\2) 
IWT=2 
KTIP=O 
NLWGHT =1 
WREf.1N=WG- Wln-WVT -WW- WPSTAR-WFW- WFTP-WTIP 
-WPES-WBOOM-CJ<21*WFSS-XWLG 
ELPROP=RELP*ELF 
ELREr.fN=ELF*RELR 
CRCLW=2.*SW/R/(1.+SI~) 
CRCLlIT=2. *511'1' IBHT / (1. +SLMH) 
CRCLVT=2. *SVT/BVT/ (1. +SLMV) 
V-3 
8 
( 
7 
TSWPLE-(1.-S~)/(1.+SLM)/AR+TAN(RLMC4) 
TSWHLE-(l.-SUMH)/(l.+SUtI)/ARHT+TAN(SWPQCH) 
TSWVLE-(l.-SLMV)/(l.+SI.kV)/ARVT+T~(SWPQCV) 
XMACaS*TSWPLE*(1.+2.*SLM)/6./(1.+SLM) 
XHMAC-BHT*TSWHLE* (1. +2. *SLMIt)/6./ (1. +SUMH) 
X~"C-BVT*TSWVLE*(1.+2.*SLMV)/6./(I.+SLMV) 
~ 
I EI.C4W=ELf-CRC1.VT+X~"C+. 2S*CBARVT -ELTV -. 2S*CBARW-XMAC+. 2:.·1 ! I 'U~ J 
"; 
~ 
( ELPROP ""\ -0 iELPROPaELC4W-. 2S*CRClW+ Xr.IAl:. ~ EGMRGN*CRARW 
f 
CIIT=Sl.M* 3. *CBARW/ (2. * (I. +sOt- (SLM/ (1. +S..M»» 
ELTl P=ELC4W-. 2S*CRCLW+xt-"C+. 2S*CBARW 
ELTIPE=ELTIP+.S*AXIS 
El. TPMX=E1.C4W+B*TAN (Rl.MC4) /2. +. 7S*Ctff 
+ ( "' 'EI.TPMX -ElTIPE 1 • ELTIP=El.TPMX-. S"AXIS I 
• ( WFTP ""\ "0 • ELTIP=o.l 1 
I 
+ 
El.CGV=ELC4W-. 2S*CRCLW+xr."C+. 2S*CBAHW+El TV+. OS*CBARVT 
EI.CGH=EI.CGV -XVMAC-. 2S*CBARVT+. 2S*CRCLVT+SAU*SVT*TAN (SWPQC\ I 
-.2S*CRCLHT+XHMAC+.2S*CBARHT+ELINC 
n"C=B* (1. +2. *SLf.tH)/6. / (1. +SLM) 
Yt tr."C = BtIT* (1. +2. *S1J.Uf) /6. / (1. +SLMH) 
~ 
( l.ew I NG ""\ n 100 ~ 
• fCla,IM=El.WING- (CPMRGN+. 2S-XCGFWU) *CBMW 
ACGLIM=ELWmG- (CPMRGN+. S2-XCAFT) *CBARW 
WFUELM=tlPMSLS/2. 
~ 
( NTYE """\ =7 WFUE1J.t=.2(WFW I 1 .. I 
• OWE=WP+WFC+WST+WFE+WFUL 
WREMNl=WFU1.+WFC+WB+WFE+WLG-XWLG 
Ef.tOWE=f:LPROP* (WPSTAR+WPES) +ELCGU*WlIT+ELCGV*WVT+EtWIN(;* (WW. \1\ I,( ;.CK2) 
*WFSS) +WBOOf.I* (ELF -. S*ELBM) +ELTIP*WTIP+ELREf.tN*WIU:f.IN I 
C(;OWE=EMOWE/OWE 
NPAX:.WPI./200. 
PAS=NPAX 
NROW=(PAX-l.)/SAB 
ELCPLT=ELODN*tlN+ELPC/2. 
EMPAXT=EtCPI.T*170. 
WPAX=PAX*170. 
+ V-J 9 
, 
t 
WGHT 
DO 81 l-l,NROW .. 
ROW-I 
ELROW i -ELODN*HN+ELPC+PS*SROW/12 •• PS/36. 
DO 88 ILIMIT-I,3 
ELCPLT 
ELCPLT 
.-------~~--~83 
... DO 82 J=l.NROW 
V-J 
10 
ELROW(J) 
ELROW(J) 
>ACGLIM 
<FCGLIM 
<ACGLIM 
a 
(. 
, f. 
r 
, ~ 
, ,. 
;, 
;. # 
• 0 ''',-_<" _ ,_, 
.---"~-~..;,.....,~ ... 
• 
83~~~~~~mil(I~LiAIM~IT~)~-r,PM~·1~7~O-.~-~ 
DIFF-PAX-PAS 
OROW-DIFF/SAB 
LROW-DIFF/SAB 
DOROW-LROW 
FRACT-OROW-ODROW 
EMPAXO(ILIMIT)-EMPAXT 
-0 
>0 
L-l,LROW 
r.'=NROW+I-L 
EMPAXD(ILIMIT)=EMPAXD(ILlMIT)-170. e F*SAB*ELROW(M) 
84J---"---:i 
ELBAGS c:ACGLIM 
ELBAGS 
.----...... ---tWBAG (I LIM I '1') = 0, 
WFTI'U (I LIMIT) =0, 
XfUELD(ILIMIT)=O. 
WFWD (I LHtIT) =0. 
=3 
~l 
V-3 
11 
WBAG( I Ll~ln ) " 
WBAG ( I LI ~1f I' I 
t ,. • ..... T .. , 
.'./ ,.'\ t. t/ .... ,tI, ".' 
\. i"f',.( II< QfJALl'l) 
1 
-&1.".,_."." '. __ . 
"' 
XF' ::W( 1 LUtlT)=WFUELM-WFTPrJ( I LIMIT) -WFWO( I LIMIT) 
~O 
=0 
-e 
ELTIP >ELWING 
I LHUT ELTIP <ELWING 
WFTPD(ILIMIT) =WFTP 
>WFW!-tX 
WFWO(ILIMIT)=WFWMX 
II-__ >O-.-t. WFTPD(ILIMIT) t-__ <_W_FT_P~_~ 
=WFWMX WFTPD(I LIMIT) I-_=..;.W~F..:.T:..P ...... --1 
~-,~~~~~~~~ 
V-3 
12 
'. 
I 
1 ~ 
" 
" 
WGHT 11 
( 
C:WFTPD(ILIMIT)~ -WFTP 201 
~ 
WfTPU(II.IMIT)=WfTPD(ILIMIT)+XFUELD(ILIMIT»l 
~.-
• (WFTPn( I tHtlT) ~ >WFTP .WFIH)( I LIMIT) =WFTP I 
I 
• XFUI:I.U( I LIMIT) =WFLJEIJoI-WFWI>( I LIMIT) -WFTPIl( 1 LIt-tIT) 1 
• ~tIlH.\)( I L 1~IITD >0 { WFWD(lI.IMlT)} <WFh'MX ':.11 
08 ~. 
l~FWD ( 11.1 m T) =WFW 
t 
WFTPU(ILIMIT)=WFTP 
XFLJE LU ( 1 LIM IT) ::Wl;=WG-OWE -WPAXI> (I Llr.tlT) -WBAG (I I. IMI T) 
-WFWIl( 1 Llr.tlT) -WFTPll(ILIr.tIT) 
I 209 w 
.. 
(XFlJELll (1 Llm'f~ =0 ~ :XFUEJ,D (1 Llr.tl '1')::.0. 
• I~I' 1.l)-=\\'PAXIl til.l MI T) .1~B!\C t 11.1 m T) 
WFlIEL=WFWLl( II.IMlT) .1~FTpn( I L1mT) +XFLJEW( I LlmT) 
h'T (I L nil '1') =OWI: +WFlIH+l~Pl.L) 
+ . 
( h'T(ILIMlT) 
"" 
::: I~(; 
J 
+ 
WBAl; ( I L I ~t 1 T) ::l\,UAl; (1 LImT) -\'J'l' (I LIMIT) +WG 
h'T ( I L I r.t IT) :: WG 
+ 
EML ( 11.1 MIT)::: Er.tOWE+ELW I Nl;* (I~FWD (1 LIM IT) + XFUELD (I Llr.tI '1') ) • Dil' \ \11 ( 1l.lr.tI T) 
. +WBAG(ILIMIT)*ELBAGS+ELTIP*WFTPD(ILIMIT) 
ELCla) ( I LIMIT) =EML (I L lr.tlT) /WT{ 1 LIMIT) 
, 
I SS CONT I NUE I 
89 + I 
WRITE (b) FCGLlr.t, 
XO;Fwn, ACGL Jr.t, XCGAFT 
-• I~IU TE (h )OWE, C(;OWE ,l~PAXll (2) , WPAXll (1) , WPAXD (3) , WBAG (2) • 
ELBAl;~j,WnA(;(I) ,WBAG(3) ,WFWll(2) ,WFWD(l) ,EtWING,WFWIl(3), 
WFTPIl(2),ELTIP,WFTPIl(1),WFTPD(3),xFUELD(2),XFUEW(J), 
XFUELll(3)WT(2) ,EI.CGD(2) ,WT(1) ,ELCGD(l) .WT(3) .EI.C(;D(~) 
'-
-----+ V-3 
13 
(. 
( 
100 
i ,. 103 
23 
WGHT 12 
DELXCG-(ELCGD(1)-ELCGD(2»/CBARW 
ELWING-ELCGD(2)+(CPMRGN+.2S-XCGFWD)*CBARW 
ELCP-ELWING-CBARW*CPMRGN 
ELC4W=ELWING-CBARW*CPMRGN-YMAC*TAN(DUfC4*.0174S3) 
ELCG=ELWING-CBARW*CPf-tRGN+STMRGN*CBARW 
GCGAMC=(EI.CG-ELCP+.2S lII CBARW)/CBARW 
, 
1 
ELCG= (EI.PROP* (WPSTAR+WPES) + (CBAJ{W* (CPMRGN-STMRGN» 
* (WW+WFW+XWLG+CK21 *WFSS)+ELTIP+WFTP) +E LCGtl lII WilT 
+ELc{;V*WVT+EI.REf-IN*WREMN+WBOOM* (ELF-. S*ELBM» / , 
(WG-WW-WJ:W-XWLG-CK21 *WFSS) I ELWING=ELCG+ (CBARW* (CP~IRGN-STMRGN» 
I i , 
E LC P = E LeG - STfoIlU;N * C 8AIH~ 
ELTV=ELF -ELW I NG-CJ{CLVT+ XV MtC+. 2S *CBARVT+CPf-tRGNlIIC8Anl\' 
ELTU=ELTV-XVf-tAC-. 2S*CBARVT+. 2S*CRCLVT+SAH* 
BVT*TAN (SI~I'QCV) -. 2S*CRCLIIT+XHMAC+. 2S*CBAJUIT+EI.I NC 
SIITX=SIIT 
t 
( U:WING 
"" 
n 
1 
~. 
~ 
l CALL TAl LtELC.IW, XMAC ,ELCG, XM·IC ,GCGMAC ,CLALFN, OELXC{;. \U;II\I', \\l; \10 l') 1 
+ I LCO~T= I ,CONT +- r 1 
( 
f 
SIIT=\' BAIHI * S\v*CBARW/ ELTU 
SVT=VBAV*5\v*B/EI.TV 
+ 
HIIT= St1RT t SIlT * AIU IT) 
BVT~St1HT (SVT* AIWT) 
CI~CLlIT= 2. *511T /811'1'/ (1. +SLMH) 
CHCLVT= 2. *SVT / BVT/ (1. +SLr-fV) 
CBARIIT= (2. *CRCUIT/ 3. ) * ( (1. +SLMH) - (SLMH/ (1. +SLMH» ) 
CBAIWT= (2. *CRCLVT/ 3.) * «1. +SlMV) - (SlMV/ (1. +SLMV») 
LC1=0 
IWT=O 
ERI<=ABS (SUT-SUTX) 
"WI{ITE "'\ 11 
..J 
t 
WI{ IT!: ( h ) EI{J{ , SliT, SIITX , ~ 
E LTII , WRHIN , WilT, WVT , 
WW ,WI'STAI{ ,lyFW ,WFTP 
WTIP,WFA,WPES 
-'" --...... 
V-3 
14 
( Elm "'\ <.4 J 
.-
( 
"" 
>IS. LeONT J 
( "'\ =16 LeONT 1 
t 
--
.- . 
__ i,:\lil"~ 
<-- "~''""'''' ""<" <~" - .,-, ~ •• "" <~'F_~~<"O_"'~"4'""""~_~>~ ~~-"A,+ 
-;7;,'1:;.:":'."'7:::;::-::." 
WGHT 13 
H-HNCRU 
EM=EMCRU 
W=WG 
_1 
ICALL CTAEI~ I 
~ 
I GCCMAC= (ELCG-ELCP+.2S*CBARW)/CBARW I 
+ ( KWR 1'1'1: ~ =0 
.I 
t 
r.·VI{lTL (o)ELF, ELTII,!;LTPROP. ELC4W. ELCGIt, 
EL~'N, ECCP, YII~'AC, ntAc, SAH, ELWING, ELTV • 
E LT I P , E LECGV ,E LCG ,GCG~tAC 
...... 
---
-I 
SWPLEI>=ATAN(TSWPI.E)*S'l.29578 
SWIILEIl=ATAN(TSWIII.E) *57. 29578 
SWVl.ED=ATAN(TSWVLE) *57. 29578 
CIITII= S I.~U I*CRC LIlT 
CIITV:: S I.MV ·CltC I.VT 
+ I\'I{ tTl: l h) 5W, SliT, SVT , B, BIIT, AR, ARliT, 
AIn'T ,SI.~',SI.~UI.SL~tV ,DL~IC4 ,DWPQCH, 
m\,I'Qcv ,SI\'PLED, SWVLED, SWIlLED, CRCLW. 
CRCLIIT ,CRCl.VT ,CBARW, C BAIU IT ,CBARV7 • 
CIIT,CIITII,CI!TV 
- ---
-
C WFA "\ >WFI\fr.tX ~ j 
WTII':::O. I WF'I'I'..;:O. 
+ ~WFWMX ( WFI\, ~ ~ 
~ 
WF XTRA=I\,FI\'f.IX - WFW 
I\'FI\J>IAX=WFAnI:S+WFXTRA 
OWE::WP·WFC+WST+WFE+WFUL 
t 
(OWE+WFAMX) ) ,>WG I WFAMAX=WG-OWE I 
I 
I 
( IDC "'\10 ~ ! + ( "- =0 KTIP 1 RETURN V-3 
15 
f 
f 
i 
• I 
H=IINCRU 
EM=EMCRlJ 
I.e 1::: 0 
JWT:::O 
WFW=O. 
WFTP=O. 
NLW(~IIT=2 
WGtrr 14 
1-"~_-_I_""'_--I WRITE (6) 
V-3 
16 
CALL ENGWGT(NTYE.NTYI') 
:'----~ ' ... _--, .. ,._-----'...-_---<..-..-..---------,_ ... _ .. -.-.- _._-,-_-._- -
, 
. t. 
, 
V.3.l.2 Subroutine DLOAD, Design Load Pac tors 
'l'his subroutine is called by WGHT to obtain design speeds and load 
factors in accordance with Federal Aviation Regulations. Design speeds 
and load factors are then employed by WGHT in the structural weight 
analysis as described in Volume V, Part I of this report. 
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, 
DLOAD 
~_>~lUO~OL--1~ __ -rWRrn~~ 
• WRITE (6) 1-----. STOP ~--~-----' WOS 
..... - ..... ..J 
>20 VCCOF-33. - .0550* (WOS- 20. ) ) 
I 
t 
>20 VCCOF=36. - (.0925* (WOS- 20. ) ) 
VDCOF=1.4-(.00062S*(WOS-':ll., : 
=0 
>20 
VDCOF=1. S~ (.001875* (WllS- ':0. J I 
=1 1------------.... --------- .-
VDCOF=1.SS-(.002S*(WOS-20.) ) 
=1 
DETAILED FLOW CHART, SUBROUTINE DLOAD 
V-I 
It! 
c. 
" ., 
(. 
c 
• 
DLOAD 3 
GLF=1.O+O.S49*V9/(1.26*SIGMA*CBARW+6.216*WOS/CLALPH) 
EMLF=2.S 
VLF=GLF* 1. 5 
< =E~tLF VLF=EMLF*l.S 
RETURN 
PRECEDING PAG 
E BlANK NOT fllML~ 
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V.3.l.3 Subroutine TAlL, Tail Sizing Routine 
Subroutine TAIL determine. vertical and horizontal tail .ize. on 
the basis of directional and longitudinal stability requirement.. These 
requirements are based on Federal Aviation Regulation. and current design 
practices as discussed in Volume V, Part I of the present report. 
V-3 
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~ 
IVFLG-O 
RHO'l'O-.002378 
DELTVH-ELTH-EYEW 
ALWGT-EYEW 
DCYPDP&9797. 
TAIL 
{>-_A_R_VT_E __ <J...,>,...O----- _____ ARV'l'E- (1.55+. 7039*SAlU *ARVT J 
'Y99 or..JCCNPAC CNPAC 
.J 
XCNPAC=-.OOOS*SQRT(WG)/B 
ZAC=HTG + nWItIG*SWF 
EM=EMCRU 
H"HNCRU 
.. 
CNPAC--. OOOS*SQRT (WG, /B ] 
-
1 TPALT (H,GALT ,PO,FKALT ,TO,GO,XXV) J 
• 
PO-PO*144.0 j 
CLCR=WGS/(.7*PO*EM*EM) 
• I CLIFT(4,ALFC,CLCR,ALPIILO,CLALCR,~99. ,AR,DLMC4,EM) J 
• Lc" CI.AI,l'H+CI.Al.cH/57. 3 I 
NTYE ~ 7 • 
---1 ENGINE(THRUST,TSFC,Xl,WF,X2,PO,TO,EM,H,KENG) I IR~. ________________________ ~ 
BLACR=BLANG 
-----I CTCR=THRUST /1. 4/PO/EM/EM/DPROP /DPROP 
ETACR=(.9+.1*SAH)*(1.+8.*CTCR/3.141S9) 
1 
ETACR ""\ 1.0 
.J : ETl,CR=1.0) 
~~ __ . ____ ~ _____ ~t _________________ ~ 
ALPIIA...:30.0 
VSDGE=SQRT(WGS/RHOTO/CLMXTO/.5) 
EMl=.8S*VSOGE/1117. 
nOB=ZAC/S 
• CLIFT(2,ALPHA,CLMXGE,ALPHLO,CLALLO,HOe,AR,DLMC4,EM1) I 
• CLALLO=CLALLO/57.3 
VS IGE=SQRT (WGS/RiIOTO/CLMXGE/ • !») 
EM=0.85*VSIGE/1117. 
H=O.O 
KENG=S 
ISEGX=2 
t 
FIGURE V. 3.3 DETAILED FLOW CHART, SUBROUTINE TAIL 
I ~-------- ----.~--- ,.-~ 
V-l 
.1.' 
t 
TAIL-Page 2 
I ENGlNE(THRUST,TSPC,Xl,wr,X2,2116.22,51S.67,EM,H,KBNG)1 
. 
f 
, 
t 
FNNWLO-THRUST-ENPI 
t 
NTYE 
"' 
7 
..J -
• CTNWLO-THRUST/l.4/2116./EM/EM/DPROP/DPROP 
ETANWL=(.9+.1-SAH)-(1.+8.-CTNWLO/3.141S9) 
• ~ 
ETANWL "\ 1.0 ..II ETANWL-l. 0 1 
.J It 
e - ~ 
( ENP \(2.0 
.J -
• H-O. 
VMC=RVMCS-VSOGE 
EMMC;VMC/1 11 7 • 
KENG=5 
ISEGX=2 
~ 1 
l ENGINE (THRUST,TSFC,X1,WF,X2,2116.22,Sl8.67,EMMC,H,KENG) I 
• FNMC=TIlRUST* (ENP-l. 0) I 
NTYE 
"' 
7 
-~, 
CTMC=THRUST/1.4/2116./EMMC/DPROP/DPROPI 
, 
ETAMC '\ 1.0 J ETAMC=l.O ~ I 
e - i -I FNNWLO,FNMC I KWRITE "\ 1 WRITE (6, 361) ~ i I .. t 
• 
ETALO=.90i.l*SAHI 
t ( NTYE '\ 7 ETANWL·.9+.l~~AH 
-.J ETACR -.9+.l-SAH 
ETALD -.9+.l-SAH 
V-3 
ETAMC -.9+.1-SAB 
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J f~ 
• n 
~ " 
~ (, 
(. 
( 
TAlL - Pag_ 3 
__ -. ETAVC-ETACR I 
( 
( 
( 
( 
I 
( 
r 
I 
---, 
I 
I 
"' 
999. ZCG •• ZCG-ZAC I J 
c 
K\\"RITE 
, 
.1. 
• WRITE (6, 2) XAC I XACF, ZAC I J -, 
r-
TPAL T (UNCRU, GALT, PO, FKALT , TO, G, XKV) I 
~ 
VC-.S921*EMCRU*49.1*SQRT(TO) 
VC- 1.6SS*VC , 
KNAC ""\ ,. .2 ELN-XLN J DBARN-XLN/XLQDE 
• 
ENP "'\ 1 -. ELN:O.O 
1 ] DBARN=O.O 
-
• XG=(CXA-GCGMAC)*CBARW 
X4R=(ELC4W+(TAN(DLMC4*.017453)*(S~W/2.»)/ELF , 
ITRLN(X,Q,X4R,QFUS,11) I , 
TSWPTE=3.*(SLM-l.)/(1.+SLM)/AR+TAN(DLMC4*.017453)1 
I 
ENP <2 -+. - ----
-
• RELP ) ,. 0 
f 
YNACR=YP*B/2.-DBARN/2. 
CRNAC=CkCLW~(1.-«1.-SLM)*YNACR/(B/2.») 
X4RN= (ELN-. 75*CRNAC-TSWPTE*DBARN/2.) /ELN 
~ 
ITRLN(X,Q,X4RN,QNAC,11) 1 
VN=(ELN*J.14*DBARN**2)/4. 
RATN=ELN/DBARN 
~ 
ITRLN(xx,QQ,RATN,QN,12)1 , 
ELWN=RELP*EI.F-ELC4W-O. 75*CRCLW-TSWPTE* (SWF+DBARN) /2. ( 
V-3 
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I 
') 
& 
, r 
i, 
k ). 
( 
( 
l 
( 
( 
~ 
1 TAIL - '&ge 4 ..,. KWRlTE ~WRl'l'E(6,6) VN,QN,&LWNI J 
.-
G 
"' 
1_IWRITE(6,S) X4R,X4RN,QruS,QNAC I KWRITE 
.J 
h----
ELU-ELTH-(CBARW*STMRGN) 
FAR-l./AR-l./(1.+AR**1.7) 
FSLM-(10.-3.*SLM)/7. 
FHT-(l.-ABS (SAH*BVT)/H)/(2. *ELTH/B) **0.33333 
FLAM-SQRT(COS(O~C4*.0174S3i) 
OEOAW-4.44*(FAR*FSLM*FHT*FLAM)**1.19 
OEOAW-OEOAW*CLA(AR,OLMC4,EMCRU)/CLA(AR,DLMC4,O.O) 
DCMFUS-(QFUS*Swr**2*ELF)/(SW*CBARW*CLALCP*S7.3) 
DCMFST-(QFUS*Swr**2*ELF)/(SW*CBARW*CLALLO*S7.3) 
HOB-ZAC/B 
VSTALi."'SQRT (2. *WGS/CLMXLO/RHOTO) 
EMLD-VSTALL/1117. 
I 
CLI F1' (6, AI,wGL, CLMXLO, ALPJlLO, CLALLD, HOB, AR, OLMC4 , EMLD) 
! 
CLALLD:::CLALLD/57.3 
DCMFSL=(QFUS*SWF**2*ELF)/(SW*CBARW*CLALLO*S7.3) 
t 
ENP "\. <. 2 
oJ -
t 
RELP "\ ~O 
1 -
t 
DCMNAC=(QNAC*DBARN**2*ELN)/(SW*CBARW*CLALCR*S7.3) 
DCMNCT=(QNAC*DBARN**2*ELN)/(SW*CBARW*CLALLO*S7.3) 
DCMNCL=(QNAC*DBARN**2*ELN)/(SW*CBARW*CLALLO*57.3) 
DCMNAC=DCMNAC*ENP 
DCMNCT=OCMNCT*ENP 
DCMNCL=DCMNCL*ENP 
DCMNAC=(VN*QN*ELWN*(1.-OEOAW»/(28.7*ELH*CBARW) 
DCMNAC=DCMNA(;*ENP 
DCMNCT=DCMNAC 
DCMNCL=OCMNAC 
ALPIIFT-ALWGT-eyew 
CMFUS'r:::DCMFST* ALPHFT*CLALLO 
CMNACT=DCMNCT*ALPHFT*CLALLO 
ALPJlF=ALWGL-EYEW 
CMFUSL=DCMFSL*ALPHF*r.LALLOO 
CMNACL=DCMNCL*ALPHF*CLALLD 
EM==EMCRU 
EMNW=O.85*VSIGE/1117. 
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TAIL - Pa9. 5 
CLALFT-CLA(ARHT,DWPQCH,EM)/S7.3 
CLALTO-6.283'-*OOS(DWPQCH*O.0174S)/SQRT(1.-(EM*OOS(DWPQCH*.01745))2 
CLALTO-CLALTO/S7.3 
CLALTL-CLA(ARHT,DWPQCH,EMLO)/57.3 
CLALTTaCLA(ARHT,DWTQCH,EMNW)/S7.3 
999. ITRLN(XR,QTAU,RH,TAUH,7) 
999. ITRLN(XRA,QCA,RH,CHALF,3) 
t-..... _,.;,9,.;,9,;;.9,;;.. -_-::iI ITRLN (XRD,QCD, RH,CIIDEL, 4) I 
, 
CHALH3-CHALF*CLALF'f/CLALTO 
CIIDEL3=CHDEL+TAUH*(CHALF3-CHALF) 
EGLa. S*DEDAW*AI,WGL 
1 WRITE(6,35) CLALTO,CHALr,CIIDEL 
-
EGTz.S*DEDAW*ALWGT 
VSTALL=SQRT(2.*WGS/CLMXTO/RHOTO) 
QUE-.S*RHOTO*(.8S*VSTALL)**2 
flOB=ZAC/B 
EM=.BS*VSTALL/1117. 
1 WRI1'E (6, 36) QUE,FL 
~~9_9 .... 9_9_. --IDCMCLP-3. *CTCR*DPROP** 2*TP /CLCR/SW/('!' '.' '.'I 
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TAIL Pa98 6 
~-----... CMFPLT-OFLPTO* (-.008+0.003*OFLPTO/40.) 
CMFLPL-DFLPLO*C-.008+0.003*DFLPLO/40.) 
>------~ CMFPLT-O • 0 
Tl-XAC-XACF-DCMFUS-DCMNAC-DELXCG-ENP*DCMCLP-S'~ATIC 
T2--CCLALFT/CLALCR)*ETACR*Cl.-OEDAW)* Cl.-CCHALF3/CHDEL3)*TAUH) 
T3aCLALTL*ETALD*TAUH*DEMAX/CLMXLD 
T4-CCLALTLhETALD*CALWGL-EGL-EYEW+EYET»/CLMXLD 
TS=(CMFLPL+CMFUSL+CMNACL+CMPLD)/CCLMXLD 
V-(Tl+TS)/CT2+T3+T4) 
XNO=XAC-DCMFUS-DCMNAC-ENP*OCMCLP-T2*V 
XCGAPr=XNO-STATIC 
XCGFWD=XCGAFT-DELXCG 
ELH=ELTH+.25*CBARW-XCGAFT*CBARW 
SST=V*SW*CBARW/ELH 
--~--.--------------------------------~ 
XCGFS-XCGFWD 
TG1=CMFLPT+CMPTO+CMFUST+CMNACT+CLLO*CXCGFWD-O.2S) 
TG2= C CFT.-WG) / CQUE*SW) ) * ( (XG+UM*ZCG) /CBARW: 
TG3 =CLALTT * (ALWGT-EGT-EYEW+EYET+TAUH*DEMAX) *ETANWL 
VG=(TG1+TG2)/TG3 
VGX= (Tl+XACF+ (TG2+CMFLPT+CMPTO+CMFUST+CMNACT) /CLLO-O.2S)/ (TGJ/CLI/ 11 T2) 
~TX=VGX*SW*CBARW/ELH 
STO=VG*SW*CBARW/ELH 
VrWST=AMAX1(VGX,VG) 
V=VTEST 
IVFLG=l 
XNO=XAC-DCMFUS-DCMNA~-ENP*DCMCLP-T2*V 
XCGAFT=XNo-STATIC 
XCGFWD=XCGAFT-DELXCG 
ELH=ELTH+0.2S*CBARW-XCGAFT*CBARW 
ERROR=ABS«XCGFWD-XCGFS)/XCGFS) 
>0.01 
V-3 
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(. 
WRlTE(6,39) Tl,T2,TJ,T4,TS,V,ELH 
WRlTE(6,40) TGl,TG2,TGJ,VG,VGx 
1 
SHT-V*SW*CBARW/ELH 
BHT-SQRT (ARlIT*SIIT) 
ELTtI-ELlI +STMRGN *CBARW 
VBARlI-SIiT * ELTtI/SW/CBAf.(W 
CMDEL--CLALTL*V*ETALO*TAUH 
WRITE(6,114) 
WRITE (6, 110) 
WRITE(6,111) ALFC,CLALCR,CLALFT,ETACR,CLCR,OCMFUS, 
DCMNAC,DCMCLP,CTCR 
WRITE (6, 112) ALWGT,CLALLO,CLALTT,ETANWL,EGT,CLLO, 
OCMFST,CMFUST,DCMNCT,CMNACT,CMFLPT, 
CMPTO, CTN\iLO 
WRITE(6,11J) ALWGL,CLALLO,CLALTL,ETALD,EGL,CLMXLD, 
DCMFSL, CMFUSL, DCMNCL, CMNACL, CMFLPL, CMPLO 
WRITE(6,11S) CIIALF3,OEOAW,CUOEL3,CMDEL,TAUti 
XLEMAC=ELC4W-0.20*CRCLW+XMAC 
STANO=XLEMAC+XNO*CBARW 
STAAFT=XLE~\C+XCGAFT·CBARW 
STAFWO~XLEMAC+XCGFWD*CBARW 
WRI'l'E (6, 100) 
WRITE(6,101) XNO,STANO,SST 
WRI'l'E(6,102) STATIC,STX 
WRITE (6,103) XCGAFT, S'l'AAFT ,STO 
WRITE(6,104) DELXCG,SIIT 
WRITE (6, lOS) XCGF\iD, STAFWD,ELTtI 
V E R TIC A L T A I L S I'Z I N G 
0" (l.O-IiWING) *S\ffo' 
CPNWNG=-0.00006*DLMC4**0.S 
ELNC=ELOON*tlN 
ELTC=ELODT*UC 
ELF4+ELF*0.2S 
( ELF4 
V-3 
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ELIiCK-ELNC+HCK 
~ 
.... -~-.-.-~.-" .. ,,--' ",. 
GI----.... C ~------____________ . ______ ~T:A:l:L~pa9. 8 
51-HN*ELNC*0.5 
52""0.5*IICK**2 
53-HN*lICK 
54-(ELPC-IICK)*HC 
1 
WRITE (6,51) ELHCK, DFl, ELF4, DF2 
WRITE (6, 52) 51,52,53,54 
S6-(1.0/BMLOD)*ELBM**2 
5Sz Sl+S2+S3+S4+S5+S6 
BIV(QB,ELCG/ELF,ELF/SWF,XV,YV,QV,2,B,NERR) 
CNPl-'lIS= (0. 96*\,)8/57.3) * (SS/SW) * (ELF/B) * «Dt'l/m'2) **0. 5) * (lW~·/. .). ~ • .13331 
WRITE(6,53) S5,S6,SS,QB 
·DLICNP=-.0002*IlWING 
ELP"'A.BS (ELCG-ELC4W-0. 75*CRCLW-TSWPTE*YP*B/2. +ELN) 
V-3 
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• ~,._ ... c •.•• 
ELP-A8S(RELP*ELF-ELCG TAIL P&g. 9 
9797. 
BIV(DCYK80,BLACR,BL,BLAAR,BLAR,DCYAR,B,S,NERR) 
DCYKN-«(lS.+O.6S*AF)/80.7)-1.O)*O.80+1.0 
DCYPDP-OCYKBO*OCYKN/S7.3 
ELV=ELH-DELTVII 
ITRLN(XDDF,YDEL2,D/SWF,DL2CNP,9) 
ITRLN (XARVTE, Y AV , ARV1'E, CLl\LFV • 8) 
W IU 1'1::: ( 6, 57) DL2CNP , CLALFV , ELV , CNPAC 
y=yp*a/2.0 
~.;;.--.... Y=DBARN/2. O+SWF/2. 0 ~ ~ -; ""1 . ! 
It.. .. ..-_______________ ~ __ ~_._..a-___ (_Y_~_l l_' ~. -. -t)-, ;-;\-~F ... ~/"!"2!" .... ) .'\ 
>-__ ... Y=O. 0 
CTMC=O.O 
~--... CNP= (Y*FNMC)/ (O.S*RIIOTO*SW·B·VMC*·~) 
CNpz(Y*DPROP**2*CTMC)/(O.5*SW*B) 
TAWX=Tl\tJV 
ITRLN(XR,QTAU,RV,TAUV, 
12.S 
TAUV=TAW* (1. -. OOB(,* (ll"1-1i\:, 1.'.', a 
C'l'MC, Y , CNP , TAUV 
CVl-(CLALFV*ELV*E'l'AVC) ~W*B 
SDS-(CNPWNG+CNPFUS+CNPP+DLICNP+DL2CNP-CNPAC)/CVl 
SV'F~~OS 
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BVT=SQRT (ARVT*SVT) 
1 
ELTV=ELV+STMRGN*CBARW 
RETURN 
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V.l.2 Pl~pulsion system Weight 
V.l.2.l Subroutine ENGWGT, Control Program for Propulsion System 
Weight Calculation 
ThiB routine controls propulsion system weight calculatione. Rout iI.' 
called by ENGWGT are: 
HOPWSZ - Horizontal opposed piston engine weight and size 
RCWSZ - Rotary combustion engine weight and size 
WAIT - Propeller weight (Volume IV) 
ENGINE - Turbojet and turbofan weight and size (Volume IV) 
Subroutines ENGINE and WAIT are described in Volume IV of this 
report, Propulsion. These descriptions are not repeated here • 
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f, 
f 
6 
4 
WENG=O. 
WNAC=O. 
WPYLON=O. 
WPROPl=O. 
WFAN=O. 
WGB=O. 
WSIIR=O. 
NTYE=NTYEX 
NTYP=NTYPX 
-2 
ENGWGT 
~~-----~.----------------~ 
\~ENG=S\\'SLS*IIPMSLS 
WNAC=VWNAC*ANAC 
IvP¥1.0N=FPYL* ((WENG+WNAC) **.736) 
NTYEY=NTYE-IO 
KWRITX=KWRITE 
NTYEY ==21 • \: : 
... 
FIGURE V. 3.4 DETAI LED FLOW CHART, SUBROUTINE ENGWGT 
~-- ~- .. -----~------,--------""---,-------... ~-""'...--........ - ~~~- .. 
v· \ 
III \ , 
• 
c 
( 
EHGWGT 2 
CALL RCW5Z(HPMSLS,ROTN,GR,SKWGT,SKDIM,SWSLS,ANAC,Xl.) 
XLN=XL 
NACURG=l 
GRTlO=GR 
WENt;= SWSLS *UPMSLS 
WNAC=lJWNAC*ANAC 
WPYLON=FPYL* WENG+WNAC 
=1 
F 1 ",\lPIWP / 10. 
r 2= BNUf-V ·1. 
AFPB=AFTOT/BNUM 
F3=AFPB/I00. 
F4=RPM*UPkOP/20000. 
F 5=I\Pf-tSl.S/lWROP /DPROP /10. 
F5=HtCRU. 1.0 
=5 
;0 
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WPYLON=O. 
1 
"s 
,,' 
• 
ENGWGT 
s 
=0 
=1 
=0 
I 
XK2=H. 
XK3=.085 
S~IN=O . 
11=0. 
1'0=2116. 
1'0=519. 
TIIRUS1'=O. 
3 
I\~t; IN!: (TIIRUST ,TSFC, Xl. WF, X2, PO. TO.S~IN .t1. 21) 
=0 
V-3 
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ISWSLs=.13 I 
(, 
" 
ENGWGT 
WENG-SWSLS·FNSLS 
DE.SQRT(AE/.786) 
ANAC-3.14*DE*DE*XLQDE 
WNAC .. UWNAC* ANAC 
WPYLON"FPYL*«(WENG+WNAC)*·.736) 
)-• ..,;0:.... ___ .... REruRN 
4 
~;..,7--d--l.--~~ 6) WPROtij 
WR I TE ( 6) WF A.~ , 
WGB,WSIIR 
RETURN 
:<.ETURN 
=6 
=7 
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V.l.2.2 Subroutine HOPWSZ, Horizontally (PRO.ea Pi.ton Engine 
Weight and Size 
Thi. routine compute. weight and .iZ8 of horizontally oppoaed pistoll 
engine.. M.thoda employed are diacu •• ed in Section V.l.l.2 of the 
present volume. 
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HOPWSZ 
CALL ItRLN (AHPSL t ASWN t HPMSLS t SWN t &) I 
~ 
PSTSPO-ttPQAB**33000./BMEP 
SWSLS-SKWGT*SWN*(lSOO./PSTSPO)*(14S./BMEP) 
SWSC·O. 
( KSPCHG 
~ 
I CALL ITRLN(AHPSLX,ASWSC,HPMSLS,SWSC,S) I 
t 
L SWSI.S=SWSI.S.SWSC J 
• 
") >8 I NCYL-& I 
~----~~~~------4~------ i 
, 
]J-_-4~_--. __ 1 Wl'iSKWDTH*(.0167*HPMSLS+3!l. P! 
~--""'-_--.. ___ ~ .__ i 
) -6 .-~ .. ( W=SJ(WOTH* (. 0125*ttPt-ISLSdo. II, 
i 
) -8 • I W=SKWOTU*(.OI06*W'MSI.SdI 1,1I! I 
'---..... -...,,----..... ~!-. --_. __ .. j 
:al J-~-..... ---(4 
J-_ .. 4,;.-.--t ...... __ -I B= 1. 11 I 
J 
=6 
-8 
FIGURE V.3.S DETAILED FLOW CHART, SUBROUTINE HOPWSZ 
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1 
t 
HOPWSZ 
lIN:: 1. 2*U 
XLN:: 1. 2*XL 
~~AC~(~~+2.76·HN)*.8*XLN/144. 
xtNX::XLN 
XLN::XLN/12. 
....._.0::..-____ • RETURN 
WR ITE (6) NTYE, 
KSPCIIG,SWSLS, 
III'MSLS, XN~fAX, 
B~fEP ,ANAC. W, 
WN.If.IIN,XL, 
XLNX 
RETURN 
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V.l.2.l Subroutine RCWSZ, Rotary COIIbution £Aline Wei,ht &00 S i /,. 
Thie routine comput.e wei9ht and eizo of rotaZ'y combuaUon en9inl·:'. 
Methode employed are diecueeed in Section V.l.l.3 of the present report . 
~- -'.<~-----------
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RCWSZ 
<SO. HPSLX-SO. 
>600. I 
",-__ .,~~~~ ____ ~.-~ ____ ~I HPSLX=699, 
4 J 
.->_4~· __ ~,_1 BOI~=6, I 
'---~~~~~- ~ 
=1989 
DSPIWT=. 033928* (HPMSLS ROTN) **1. 5 
ENGBP~·1=91670. * ((lIPMSLS/ROTN) ** (-.5» 
CALL BI V (S'\'SLS, HPSLX, BOIN, AHPSL ,ABOTN ,ASW75, 8 ,4 ,NER) 
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IlSI'IWT=. 021152* (IIPMSLS/IWTN) ** 1.5 
!;NGRPf\I= 153300. * «IIPMSLS/ROTN) ** (-. ,1:.)) 
BIV(SW~LS,IIPSLX,ROTN,AJIPSL,AROTN,ASW80,8,4,NER) 
RP~IPRP= XNMAX *(;R 
GR=I<P~IPRP /ENGRPM 
XN~t"X=ENGI{PM 
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FIGURE V.3.6 DETAILED FLOW CHART, SUBROUTINE RCWSZ 
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ITRI.N (AIII'SLX, AS\vSC .111'~ISI.S. SWSC. 5) 
=1 ISWSLS=SWSLS+SWSC I 
I 
\ l.N= X 1.+ .,p 1>-
llN=I.2*1l 
ANAC=3.14"'DN*XLN/144. 
X1.NX=XI.N 
XI.N=XLN/12. 
SIVSI's:::S\vSLS* SKWGT 
IXL=XL+2. *() I 
=_o _____ .~ RETURN 
\~R lTL: l h) NTYE • KSPCIIG. 
SI\'51.S ,1I1'~C 1.5, ENl;RP~t. 
la~. ROTN. I llATE. ANM':. D ,.1----.. RETURN 
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